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Abstract

The establishment of discharge standards for water pollutants is one of the
important issues for water pollution control. In recent years, many places in China
launched local sewage treatment plant Category IV Equivalent pollutant discharge
standards to achieve the goal of water pollution control action plan, which triggered
extensive discussions and debates in the this industry. Overall, main controversies
tended to be the trade-off between necessity of water environment management,
technical feasibility, techniques and impacts caused by upgrading wastewater treatment
plant for implementation of Category IV Equivalent standard, however the whole
social life cycle environmental impact caused by implementation of Category IV
Equivalent standard has not been brought into focues and studied. It is no doubt that
Upgrading wastewater treatment plant for implementing Category IV Equivalent
standard could improve the water environment, but it may bring about life cycle
environmental impact due to new policy formulation and implementation, equipping
new facilities and new materials, increasing energy and reagents. This thesis aimed at
using Life Cycle Assessment (LCA), from the aspects of standard formulation and
implementation process, as well as upgrading wastewater treatment plants, to analyse
life cycle environmental impact of implementation of Category IV Equivalent effluent
standard in our country, in order to identify the important component and to obtain
environmental impact of policy making, so as to provide reference from the prospective
of life cycle environmental impact for implementing Category IV Equivalent effluent
standard.

The thesis summarised and analysed the state-of-art environmental sustainability
issues concerning Category IV Equivalent wastewater treatment effluent standard
through literature review. On the basis of the ISO 14040 and ISO 14044 life cycle
methodology framework, life cycle environmental impact of the Category IV
Equivalent standard making procedures (subsystem 1) and upgrading wastewater
treatment plants in compliance with Category IV Equivalent standard (subsystem 2)
were evaluated. Functional units of these subsystems were considered to be one
Category IV Equivalent effluent standard and 1m® of treated water. For subsystem 1,
activities were divided into indoor and outdoor for inventory analysis, of which the

former was mainly collected through the literatures and design manual, and the latter
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were collected via information from the Baidu map open source platform, data
preprocessing by ArcGIS, calculation of the geographical distance matrix and design of
ant colony optimisation algorithm to achieve optimal traffic route by Python 3.7. For
Subsystem 2, existing data from literature in combination with design manual, design
standards, engineering budget manual and other materials was to complete the
Subsystem 2 data inventory. Life cycle environmental impact were analysed via GaBi
Education 9.1 with CML 2001 methodology. Abiotic Depletion (non fossil), Abiotic
Depletion (fossil), Acidification Potential, Eutrophication, Freshwater Aquatic
Ecotoxicity, Global Warming, Global Warming (excluding biogenic carbon), Human
Toxicity, Marine Aquatic Ecotoxicity, Ozone Layer Depletion, Photochem. Ozone
Creation, Terrestric Ecotoxicity were selected as impact categories for classification,
characterization and normalization, to quantify, compare and identify environmental
impact and their significance. Uncertainty of travel mode, number of participants, and
treatment scales of upgraded Category IV Equivalent wastewater treatment plants were
examined for comprehensively studying the variation of the system environmental
burden when these conditions change.

The results indicated that: (1) in the life cycle of Category IV Equivalent making
process, Marine Aquatic Ecotoxicity was the one of the major environmental impact
categories, followed by Abiotic Depletion (fossil). Indoor activities concerning technical
review, workshops and training, and environmental practioners’ related works for
Category [V Equivalent standard contributed to mostly these impact categories with
potential about 6.33E+11 kg DCB eq. and 3.35E+10 MJ respectively. The potentials of
Ozone Layer Depletion and Abiotic Depletion (non fossil) in this subsystem were
relatively small, with which were 8.82E-09kg RI11 eq., and 2.67E-Olkg Sb eq.,
respectively. (2) Within the life cycle of upgrading sewage treatment plants for
implementing Category [V Equivalent standard, the environmental load in the
operation phase was much higher than that in the construction phase. The construction
and operation phase enabled environmental benefits for Ozone Layer Depletion and
Eutrophication respectively, which reduced by 5.86E-11 kg R11 eq., and 2.24E-02 kg
Phosphate eq., respectively. Global warming potential was the largest in the operation
stage, with a potential of 3.01E+03 kg CO2 eq. Human toxicity was the most significant
environmental impact category in the construction phase. Global warming was the most
important environmental impact category in the operation stage as well as in the life

cycle of upgrading sewage treatment plant. (3) Within the life cycle of the overall
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system, the environmental impact of upgrading sewage plants for implementing
Category IV Equivalent standard was far greater than that of Category IV Equivalent
standard making process, and the difference in magnitude of the characterisation results
were about 10>~10°;The two subsystems also have different dominant categories,
namely Marine Aquatic Ecotoxicity and Global Warming respectively. The normalised
result showed that Global Warming was the most significant category of the overall
system, with a normalized value of about 4.9E+02. (4) Within the life cycle of the
formulation process of Category IV Equivalent standard, the change of travel mode
caused great fluctuation on environmental load; For short trips, the environmental load
caused by high-speed trains was relatively smaller but not obvious, compared to that by
regular trains. Transport over long distances using high speed railway instead of plane
resulted in shift of dominant environment load, long distance travel by airplane travel
caused greater impacts on Abiotic Depletion (fossil), Eutrophication, Freshwater
Aquatic Ecotoxicity, Global Warming, Human Toxicity, while using high-speed railway,
unlike planes, it mainly affected Marine Aquatic Ecotoxicity, Ozone Layer Depletion
and Terrestric Ecotoxicity Potential. Adopting high-speed railway as the main mode of
travel may reduced more environmental footprint compared to that by aircraft. By
analysing the uncertainty of participants, it could be seen that the change of
environmental impact load increased with the number of participants increased. The
change of the number of participants mainly affects the production of printing materials
for the conference program and proceedings of the academic conference, the bags used
in the conference, energy consumption of the conference room and overnight stay of
participants. No obvious influence on the process of Category IV Equivalent standard
making by changing treatment scale of the upgraded sewage treatment plant
implementing Category IV Equivalent standard. (5) For the life cycle of upgrading
sewage treatment plants that implement Category IV Equivalent standard, changes in
travel mode and number of participants had no direct impact on upgrading such sewage
treatment plants. In addition to Eutrophication and Ozone Layer Depletion, as the
treatment scale of sewage treatment plant increased, potentials of other environmental
impacts increased, while these two categories behaved oppositely, indicating that
constructing and operating sewage treatment plants with Category IV Equivalent
standard could reduce burden of the Eutrophication and Ozone Layer Depletion at the
same time, but was also associated with other environmental problems. (6) The

comprehensive analysis of the two subsystems shows that when the daily treatment
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scale equivalent of sewage treatment plants with Category IV Equivalent standard was
about 10,124,000 m>/d, the eutrophication and ozone layer depletion potential caused by
the two subsystems were close to each other, indicating that the elimination benefit of

sewage treatment plant to environmental pollution was not obvious.

Keywords: Life Cycle Assessment; Category [V Equivalent Standard; Municipal

Wastewater Plant; Upgrading and Reconstruction; Environmental Impact
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I3 3.8%- 36.3%- 41.9% (W3R 1.2090), SR, 15/KAER) 7EA R H /K AR iR
PIR N 2 RMATE K A ER T I RERE . RO FNEE AL RIS, Sy 2 B8 9 7 R HE
JbRAE, SERAGACEE T2 (s EA ) AR T2 K AK 715 B A e
(HRT) BH 5 /KAB TR A%t Sos a7 fr b i, A%
MU TE S ABAT A AN A 3 I AR B PR B A U8, R AR LA s K AR B
COD #1 NH3-N fUHEE & N, SR om i A BE R B i e ke, BUff 2008 2
2018 4F~FIREFEHR LG I T 30%, {5 /KA0BE) S HFEIAF 197.3 (6T OB, B4R
15 7K B A R T2 /K S R AR RS 35, (L AT ] PO 5 THT 9 S5 B A o 1 ik B &K
0 R RN 25 [ 0T = N R AR R 0T, 2017 4 A K BA NI T S K AL R B )
15.8%!"8),  [RIbHE DL IS AT AR R B R 70 eAbh, 157K AR B LB R4
MG IK ] IS AT R, SN D Z W5 TERIR 9% . #k 2 2018 4F, 22 [HF 5370
MEBATH R EE) T, AR 1A F] 2.01 /Z5277K/R,  HE 2008 AEIKF
WY 119%. HitEEN, TSAKERSKEWRIEIN T 122%, T 7KE K EE L F)
BRI 93% 8, R ST5 KAL) AR BT EERE DA RS AN R, S EUT
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IKALFR T IS AT UK (B 2018 FAU Ny 86%), XFRWIHH = — &R /05 /KAL) 1y
REERREF1 AT 5 2 FE A A
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Table 1.1 Comparsion between National Standard and Local

(Province-based or Catchment-based) Standards on Effluent of Wastewater Treatment Plants

BTk FR PR 5 el COD BODs SS  NH;-N® TN TP
H R /K A o7 B 14 GB3838-2002 I\Y 30 6 - 1.5 1.5 0.3 0.1
LR TS KRR T GB 8978-1996 —% 60 20 20 15 - -
RS K AL B S G R GB 18918-2002 A % 10010 3 P : 02
—% B 60 20 20 8 (15 20 1.5 1
Je i DB11/890-2012 B A 20 4 5 1015 10 0.2
KA DB12/599-2015 A 30 6 5 153 10 0.3
g DB31/199-2018 —% 50 10 20 15 10U 0.3
WA DB33/2169-2018 Wi 30 1.5 (3) 10 (12) 0.3
=R EITIRE AL 20 4 1.0 (1.5) 5 (8) 0.05
F K R R AE
JURE GRRTRTED DB44/2130-2018 - 30 1.5 - 0.3
WAEE CRIEMRED DB13/2795-2018 H ] X 30 6 1.5 (2.5 15 0.3
TR CRIBTRED DB34/2710-2016 i 40 2 (3 10 (12) 0.3
TLI3R4 CORIIHX D DB32/1072-2018 — ZHRFX 40 3(5 10 (12) 0.3
Pa)I UYL, yevLjmiso DB51/2311-2016 WS AKALEE) 30 6 1.5 (3) 10 0.3

O XTI KA B, 5T AMIUE DK IR > 12° C I EHIE AR, 15 A BUEDN/KIR < 12°CI IR FE br .



0 N2 T e AT

FfE TR Pt 5 COD BODs SS NH;3-N? TN TP
R CRMERRE)D DB51/963-2020 =R il |8 30 1.5 (3) 15 0.3
il DB43/T 1546-2018 — 2R bR 30 1.5 (3) 10 0.3
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R 1.2 EEPEL IS KA B AT HEBORAE RS DL (U 2017 46D

Table 1.2 Classes of Effluent Standard Implemented by Municipal Wastewater Treatment Plants in

Chinal'”!
AT HEsbr e FHAth HEIV —% A —%B % At
K] (mP/d) 481 671 6489 7500 2739 17880
Eefl (%) 2.7 3.8 36.3 41.9 15.3 100

FEHSRAETS /K ACBR ) 7K TS G AR A K DR AP A 858 0 18 AN T SRR 5 K AL B
JRURRTRE (R St o 7R T MNIBCSR A i i) B0 A 2 BROAS ) #2200, AR B T 7K Ak B B 7t )
THE USRI BOR SR iR BiB v 15 G 7 AR B BUAS, FROyAR L IEAE BOAS
X AR AD, ¥ R BIRRE R 8 MISE i BEAT Wl . BIF 0 M ORobas v A o Rt
AT S5 175 ) I EURT R A H oMk 5 2 . BB T TAR R B2 H B R 1,
AL, JHE, KRB WA I BHRITECE AR &P B, )
B TAEBEINBHT B8 SCH BRI AR HIE . BEAIE RIS TI/E NS, (AL
EV R ATREE BT A . PRI Oy Fm v R A e 7 AR A B AT o 22

A FIHIEAY (Life Cycle Assessment, LCA), BFRA A & #4304 (Life Cycle
Analysis) e i RSB RIB BT A5 K T H, e r LUl “ AR IR
BIBCE” BIJTEWM/K RS TR . £ 20 tH4d 90 4R, EBriziEA 2 (International
Organization for Standardization, ISO) 14000 R%|HfilE T LCA FrifE, &L T H
JRIAHEZERY, 3605 LCA $R4t 7 Zk AR, b5, LCA fEafEiE /K fE
NIV 2 TS 2 14 MR H . LCA AEPEN AT Fral e ii sh b R PE 2R,
VRO AR AE R o = A B A B S s S B PPA AL ISO 7870 AR B AT R4 Kk Jie
ER AT EEE, T 2012 S5 AT 1 1SO 20121 R] UK G 2 B B Y 22
KAER, EEHTZ 5NN SR ITE BB ALY, IR TH
RHIATFRFEEEE B R G LR . s dERe 1 LR 73R PP Al — S F A B AT Rf 2
P, Hrhz —ff2 LCA. Kk, LCA ZVFMEsRAmArAH TR,

Zi LPTiR, SR LCA #EAT 15 /K AL BEHFBOR AR SCA B 52 iR 72, ] LAIR ]
FESHAT AN FEHEBARAERI TS OL T, BEUEAI B BSUE AE  5 Je AR = AR, K
i MR R A AT BHR RIOE ) SE 2 TR R &R, AT B0
N GURHRAE N RAEA R AT TR Gk s R EAR T &, PSR RGOS A2 5%
D7 RTAT M, (R 0 o S 5 A ki 7K Ak BRI AE PRAT P A% O HETBORR HE IS
HEANTRI R IR B R 2 [R] P 5¢ R IR BER 2 IR . LCA [RII o2& PR Al 47 2
PRV S AT HE TR, TR E A5 K AL B ObR A RS 30 o T EE A B R
Wil PRI, BRI TG K ) AT RE AT AE IV AR HETT R LCA 70, KH B TF
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FVPAARAERAT By R AR, A7 R TR HE BRI R RS2 R 3R

1.2 RRERIA
121 H@EAENHESLRE

A IR, (Life Cycle Assessment, LCA), WFR A fiv & #ATEAL ol A 4
AT, & SCREATHR SR R Y sk i) B T R 200 i 56 [ BB OR AP B I 8 3
LCA RV Aok, R SGE ST EM G B T H . LCA & —Fh a7 i
It T, T PPAl 7 ah 2R U A i A U vb v ELRR AR R 3R B 520, 3
F ARG HIMRERE A A PR &AL E AR E BRI D A b i
LCA 2 —Ff T LB CEAM AR X PR T H, PR A B T S S AR 1 AN A
AT B0 5 B H IR BB T 32 B AR B RE I

£, LCA B Py SR Ji& m] 3 50 VU AN B B 1970-1990 1990-2000
2000-2010. 2010-2020,

@ 1970-1990——A: i & HIPFA ML & AL B B

FABE GO 2 LCA WEFC AT LG H 2] 1960 AEACAKAM 1970 444
1, BB R, A BEYSAN REYR R L ¥ YR b 0 A R ) 1 O A
R RS, LCA 72 BEWE 7 HT U BT 58 kAT 1 2 4R, W AU R
PR BNEAE TR K HEB AT 7 A R 5 T < 1969 47, H PUER T 78 T (Midwest
Research Institute, MRD) A LA SR A A AT T — TR KRBT T, B N ANE]
PRFA S BIRT R . FERA ML YREAT T 2. B3, 1974 FREHIE
{472 (U.S. Environmental Protection Agency, USEPA) B2f1% 1 Basler & Hofman
BEAT HIBEFD, FR G AARONBT AT ) LCA K FERITT4h . MRI AL 1 53U
FIAEMESL 78T (Resource and Environmental Profile Analysis , REPA) X —ARiEK
BATIRXRBE T, B — Tk TR i NI T BB AP B R G
W5 B — BN IR EL, A k) LCA WS ERZE TR, HILRIN, —Saf iRk
%, HZ 20 tHhad 80 AWM, A LCA HIDEA FFARIZHI . 1984 51
PSRRI AN 77 5250 % (Swiss Federal Laboratories for Materials Testing and
Research , EMPA) PHR— 4R 5 s Y 17—~ LCA W7 ) I Bl il 5, A
AL T LCA B9 iz R AP wFEIe 5l N T 28— AN 7k, RIHZE S
AKHFBA B semipolitical HEBUR AR B LA SAKHFBCE HoR X e EAT R
N, o RIFRZ A AR “Ila 5 & (Critical Volumes ).

1970 ££3] 1990 472 LCA MIBESLBr B, (HS Z AR SR 5tk Rif
MEERARAAFE, HihZ B RRE SRS G 3. 78 20 et 70 440H
80 FALHI %A LCA WIBH 7T VE &, BN IFEA — 3L A 3 HESE . BIAE
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TER X ZAFERTE T, BRENSEREARANER, FHLCA LEMNELE
s 2 52 F0 S ) 3 A TR BT,

@ 1990-2000——4: i A WbRHEAL CRVEAL) BB

B2 90 AR BRI IR 5 SRS S R E G0, KIHE 2 TR T — e
SARIRBCLL R G| 7 — 28 LCA FRpg AT A4, [BlNF, 55 —#tRE T8 S
JF 45 H BAE (Journal of Cleaner Production ). { Environmental Science & Technology )+

(International Journal of LCA). {Resources, Conservation and Recycling). {Journal
of Industrial Ecology) % FiT k%K.

IR HE S ANk 2252 2> (Society of Environmental Toxicology and Chemistry,
SETAC) fEJLSEMIERI I LCA #5870 SCHh KB U A RIEH, ¥ LCA [15E
B MHEMB 2R REA A, SEAWSEEMNE LCA WHEZE, RiEAT;
%+ SETAC 1) {Mk455#M) (Code of Practice) HEiX—id FE KRB ML —. [H
I, 1SO H 1994 SEie 2 5 1 LCA Wt LAF. %+ SETAC TARAMIETJ5 %)
KIBAIPMMA, 1SO WM E T X% LCA J7EAE F KIbrdEdk . B oA brbs iy
ISO 14040: 2006 Environmental management - Life cycle assessment - Principles and

framework?!! PL &2 ISO 14044: 2006 Environmental management - Life cycle

assessment : Requirements and guidelines'??! .

I1SO [ RBE R B 1.1 I — 7R IR IHESE . BRI, 1990 4 ~ 2000 “ERJ AN
se— BB SETAC FIPMEAT 1SO A AT Al & IR, A LCA 124 T — Vs
HEALIAESERIARIE . LCA Tk i fh AR &. #52, 90 FEAERHEL R
A W ARMEAE R 2, 1SO MR TR LCA hriifb Ty kit — P s,
FEAABATTIAA LCA (ME— L R AFFAEREY, LCA — ke HEZL UL E 1.1,
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Figure 1.1General LCA Methodology Framework

TESCHANE], LCA W RCABUR U ANIER —#8 4y . FE A E mefde ik,
ANk RO 1995 4F H AR I RERT), HAR LCA CATEIX LEF T BUR N Hh
WERH e AL, AH S5 SR BB T T AEALE ] g 490,

—BGN F JA R0 IR A A A RS W PR T, ARSI IR R TR
41 CML1992 385 3= @ /775 (CML1992 Environmental Theme Approach) 9521 2
BRI 7% (End Point or Damage Approaches) 334, WAL 22 £
A T71 (Multimedia Approach) D% SSURPPAL AL (1) N AR ST HHER P, B
RIX AT ER LCA AL BRI, HE R B E s A LCA FERIHT 78R
THEUAZRIERP B Flln, 258K LCA KA I EL 7 ik 2058600,
KL HARRI E 8 T7 1R EAE LCA FERXHERA, XAGE— LCA W54
B4, 1 HA 2 LCA J5iE BRI 7 B i B

@ 2000-2010——~E i Al I PEOr 4 AL B

21 HARIME—AT4, AT LCA Moei 5 HRRE ., 2002 45, BEA EHIE
%A1 (United Nations Environment Programme , UNEP) 1 SETAC &t | — il
A A JE BAK AR DR &R, FRONAE A L BAME 1 (Life Cycle Initiative) 1, Az iy J]
B LR 32 B H FRooRe A i Jo 31 AR S e, i B8 4 i B A 4B A it LCA,
RO SR T H o A i o] 30 R ABE N 03 () B Ve AR R S8, 491 Gn K
NI [EAAZR 2 (BRHAAZR 725 ) (Commission of the European Communities , CEC)
WEEE T MUK (Integrated Product Policy , IPP) HEATAZH ©2. wbab, A&

10
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REAE AN RIS, U5 T AT KRR B IR Y L R 5T 9 L AN [a] W
PR RIS, 2003 4, WREZR AR T IPP BIAZ i & o 1 A i i 30
DAL A EEE DL AR TPP AR S AH S iR A EEE L, Wk LCA P& T
2005 FRALOY, B FEREEAR A SRR . A S e R . ASIANRI A, B
WIAE CBRED A FLBERAN R Y AR v] S AR SRSCRF . AR 3, USEPA T
HES™ LCA M08, 4 1 LCA W3l th 7 bl g e sk, fdn, MoK
AE LCA MITTAISERE LCA H0®IA4E 2001 SN, MR/ E LCA
] £ 191N 7E 2000 AFFESLI o RIS, 5 & M A B B ok B 2 28 FR DL A= A
JELIA A FEEAR00 T, 5 b [R] i, o B B7E 2008 4 KA T GB/T24044-2008/1S014044:
2006 (HSE EA A PP SR S5HRE), SKEL T LCA 789 [ IR AL .
122 S e AN EXEISRENX

A (Life Cycle, LC) fREE ™ RGHIPFTATT, QWHEMIEFRIIREL
PRSI 4 RO, A dn PR (Life Cycle Assessment, LCA) & — 345
PEAG T, VRO 2 P W AR 55, PRAG MR E R P4 Ak 3 R AN A i
VG . FEAE A IS BB (Life Cycle Inventory, LCID) BB, LA H FIAIYE FE €
SONWAE, FESL LCA A, WSCAREE IR TH 0™ S A fgey o 2 i Jo) BTS2 i 1

(Life Cycle Impact Assessment, LCIA) 75 Z 0P ™ a2 . LCIA &8 21>

IR, BRI KRB, RS, TJEERIC (Functional Unit, FU) & B 50Xt
F—— i BURSS R G AT O RLTh RE R TSI, B e LCA B 5 Fr g Hith
Y FBE E IR B E A RIS % (Reference Flow, RF). &t & LA LCA Hiff 5%
H T AT AN R 5t LCA 40 A i B Ao
1.2.3 E AT EARIRE

2006 21, A VYA ISO brfERrIu LCA [N BT, b1 75072 -

ISO 14040: Principles and framework

ISO 14041: Goal and Scope definition and inventory analysis

ISO 14042: Life Cycle Impact assessment

ISO 14043: Interpretation

2006 EZ J5, PALERIPYASARAERE LA S ARE A A Er

ISO / DIS 14040 Principles and Framework

ISO / DIS 14044 Requirements and Guidelines

Forf 14044 ArAEACER T 14041, 14042 F1 14043 hriEs

Britk 2 41, 1SO14000 #RifE S+ 5 LCA MG HAR AR FOE A HER 1.3 Hh s
IR A T

11
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£ 1.3 5 LCA A5 1SO14000 FR 5k HAh % 52— Y
Table 1.3 LCA-Related ISO14000 Family

Pt 5 P
I1SO 14045:2012 P R AER BV ——JRE BOR KRR
ISO 14046 K2 ——SMES SLH 5%
ISO/TS 14048:2002 Az i A PR —— 2 S g 2
ISO 14067:2018 7 AR AR I —— B R A AR
ISO/TS 14071:2014 FEFEPPAR I FE AN E R A BE 7:1SO 14044:2006 BN R K 6 1
ISO/TS 14072:2014 A A B AR —— 2 SR A R IRV R K FE

1.24 HaEEATENFE

TS FEH LCA (Process based LCA, PB-LCA) FIFETH AN~ H# LCA

(Input-Output LCA, I0-LCA) 7 A& Wit 3 21 LCA J73%7% ), PB-LCA £+ T

XTSRRI R A (RO /AR BHERHESE) . 1SO 14040 FrifE 3= 298
S i)7& PB-LCA J7i%. 10-LCA i FHA T3 5 Py S R ERER 45 7€ WA N E, iy o
BT XA EAE AT LR FE SRR RR SR, AR5 AT DL Sk AAH 2 P 2540 4 74 4
XTI B S5 520

O FEFEREM LCA  (Process based LCA, PB-LCA)

f£ PB-LCA 1, P anEr=id i das e BRI (PPRIATREYE) Al (HF
JRORIGT IR SE 20D R TA o FE T FE () LCA F74E Al 4 Kl 43 P P2 10721,
IR LCA gt A LCA.

1) JHRFE LCA (Attributional LCA, ALCA)

AP LCA ) 2 - Hfi ik I £ 5 PR3 AH 5 I H AR A AL I e e RGP -
XA IR T ide 22 48 (1375 Ge BT IR IR BN 2 B T 96 08 2R 48 N 07 e £l 1 D) e BT
PR AR 3 1T 7 A2 1 o A T A FH 1 35 B0 R 4 22 Gt A R ) B A 0 T 1 R A
FIA, #ian, SN E. X &P RGITA. 1X 52 B ISO 14000 FRifE 5K
TG I8 R B —Fh LCA J77%.

2) &34 LCA (Consequential LCA, CLCA)

S5 T LCA 1 H b R PRI DG B4 T B A6 1T BE R B R 3 1 203
1, 25 88 LCA fR 48 Dhfg S oo i AR 3 300 RG22k, RIS G B R
3, HAVGIEAR L Z 52 m Km AR, (AL s R, @i REd e ki
G, RIS EE GUBRERRED. 4550 A LCA @AM THlER®E, HY4
A LCA Mg R A LCA M4 R Z RN/, HEEFRA LCA BB & M 1 it
o X A FMRAS, A VAR LCA. 45 R LCA A3 F T B33k X 7= 5 B 1 B At

12
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@ HAFPH LCA (Input-Output LCA)

BT RS, RN (BI0) BRLK— N7k b Fo A AT M 3 2%
TR i BRI 25 B R AR SR U4, BIO SR 22 Gy BRI 20, FHATARBR R B3R T
FUARE R NG IR, AT RS AE SAER R MATARE 3R T g 1 AMAE
SR T 5 B BB AR R T R A N A E AL . A SRR AT R AT L A A
(B AT I PR S HE BN S 3kt T LUK 8 57 TG sh AL A PR B 2 . BTO 578 -1
T T RECAE G AR, NI T FRE DG B A 0 PR 53 1 i
1.2.5 S EERE I

HATOGT LCA FIBAE AT LAy =283 JE Y LCA ik, @ TN
A B AR LCA £ 5 NHREE MU e SR s B ) Bl 8 LCA I3,
RS TRE B R M BT H U0 SRIGHE T s SF R ) & #7778, g il LCA
ARG, FHTHREE 1T 3858 (TE S B 142 1D Wi e e SRS FE R
o S TR R R o T FH A A AT R S R R I A R I RS, X RS
& EAEARYE A F T B S 1. B ATE 2 AT 2 HE S 0 LCA i T2,
H AT E R T HA DU JLEK.

% 1.4 LCA FRBMTH AN

[
Table 1.4 Introduction of Mainstream LCA Software

AR Wi 1 EE A
SimaPro 7 YO/ EHR Bl A Tl
(SFA/MFAD . A= iy Jil 1 sl A =N
(LCO). th2x LCA. #%5i % H
#it (DfE, DfR). A P
JEE (LCD. A AT [
SEPEVPAL (LCS) . 7= i B PEPEF 5
LA; = St S R A i it
WAL (LCIA). AT HA
& (LCE). Az A HAVEAY fif ==
(LCA). Al I
(LCM)
GaBi ts A A EA (LCO). e Wi
LCA. Frffahsi. A J& 1] =N
FIFFEEEPRAG (LCS). A, eS|

13
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B AR i B S
VEE AR R R AN I T
(LCIA)D. A= Ji S 3 o ]
(LCMD W5 /A kERa 43 [
(SFA/MFA) JAEE it VYL 18
(DfE. DfR). i JE i eS|
HO(LCD. =i E., N H A
BEE ., MO A,
A TR (LCE). A
JAIERG (LCAD
www.eiolca.net Az i R PRSP Yeik
openLCA FTRFEEVEPEAY AR A A T Heif
W A RS L+ 22 LCA
Umberto Vs ERR BN 43 H T
(SFA/MFA) . A= fiiy JE A il A g

T (LCC). B & 35

(LCD. A BRI RF

P (LCS). P H, it

IR R A A R T

fli (LCIA). A=din J& #1142
(LCE). A A AVl
(LCA). A=A HE 2

(LCM)

& B EEITMIESR

14

— i, LCA J7ikie s IU#R 7 Rl %0 (1) & 9T H FIAEHR (Goal and
Scope); (2) & Fr A PS5k Ny U L wh (BOIRSS ) B ZE i Jol IR 7Y
el iR TAR R B v A dn JIIE P B (LCD; (3D BT 5 A S i fa
A L, XA K B A A I PP (LCTIAD; (4) S5 RiFE.

© HKAMEHE

LCA W5¢ H 75 B85 81 LCA M & BT AL B 5 R AR IL it e 8 S ot
F (LCA RIS MHRARE BT HARATIF . X&) 7 Z W LCA
W FERIVE L R TS CBERAS) 77 b R gt LT RE . ThgH oo, ARG
PECREFF . LCIA JrisAmi SR . RTROMERE k. B @K, 9 LCA
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WEFLAE H B . BRI AN T IR EE 30 . BRI 2% 1. B i mR ok A
PERIAE (A ) BTkl B2 A%

Dige ot (FU) MZE (RE) 25" LCA AT FiH — Ml B 2L
. 2T, AMIAGER R LR A A B, FAEANT §eE A
IVERERAIE . B, — A — Ve R ae i — ok, i — AT [ A= W mT
DIE Rl 2 . R, — AN I T7 752 LU MPAS [RI A ke Fiz i€ 1000 T
A7 e TEIRFPEEOLR, A% 1000 AN-0565 PLR K2 100 A4 Wi ik
17 900 e (BWREMIETA 9 RATIR) ZEHATHEL, PRS0, Pfh
HAR IR EI DR (ZF0D ZAMHEFER.

E S i RE I T RAERER — 5L B RS RAE B R AR
Bk HUAIAE LCA A, EARRERE. HREERNLZ, REBEAEE
i JEHI " o AP RAETR BN, AN T EZ R, AR TR E R o
BATTA G P (1) 5 N tH #B 1 3 — A7 R e, R b Z07E 2R 46 A B e X
WG AERTEERARS, BTSRRI RAGIA R Z b, AIRev 4R«
P

@ Adw AR (LCD

RGN TN F oo FE# 7 B e YA EEE, XS e 2
2 ITERIE TR, A R EA XA BTl B S5 A

AR & LCA BR EAESS . A FPEAIARER 2 LCT BdmUscaR e i R
PR HEAT LCA I TR AR AT AT 1, AR Ecdi 2R 8 70 BOR A - BT 5 #idl (Foreground
Data, FD) #1755t #(#f (Background Data, BD). FD EA%rkM:, HIGHIZEME R
GrIT R R E BE, CEIRE E RR R 7 i RGRE R RGN EEE. BD B
— M, A e AT AR PR A SR T IR, I AR, BRUE . s AR
IR SRR B S SR FE and ot Ecoinvent. {E [E GaBi 4 e 4 e
(GaBi Databases) KR BRI 5T 52 (JRC) A WM 2547 Ml b2 $ fE 1 AF iy &) 49 Sk
¥ E ELCD. 36 H X AR IR sES = (NREL) (¥ U.S. LCI #daFE. E LCI
HHEEE (Korea LCldatebase) 5. [E PN IEREEAR FEJ7 10, B DNAF AL M) iz M8
FH A Hp ] A o A R 250 2 (Chinese Reference Life Cycle Database, CLCD) &
HH PO 1 R 22 G AR SR Fr e R 1, e AR AR SOy b Tl R 2t
AR A FI286 1% LCT s I K A3 MR .

@ A (LCIA)D

LCIA J7iki a3 75 ZH S &5 R SRARRE S, il e T 32 A 262,
DL S AR VRN S5 BRI B R BE /1. LCIA SR amib 2R Cansizm 251 L H R AR
FREA BRI e £ 28, RRfiEf) FEEsEfIMEZE R (i —1k. HiF . 4.
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WA GRS — N EERD IR, KIRHT H T, ik
WS I AR, RE SR A A B S S A e . 28 S N A B A
SRR, AR YRk 4s . ARRBHIRAI AT IS . 1SO AN
IR it (R R X SR M A GOOFANE 5y, Bln, S “irim b+
TSI FE 28 i M AFAE S0, ABAF At R AN E 28 s R e B S0 ) 28
— 35, SRR RIATIE R, R EORE R S0 1 1) 24 i 1R PR 5 A A i
RRIA], o g EMIAIX MR K] 1.2 PN T VA 1 A )

AN

T:Hiﬁi&"

A

wREERER

K 1.2 s kS AR

Figure 1.2 General overview of the structure of an impact assessment method

@ AR (Life Cycle Interpretation)

LCA B LCI #F 78 (1 2 i e SR B B B 5 22 3 v 36T LCT AT LCIA £5 2R
HEWE (TTEk ) PRSI BURIE M —Fi R 45k, BRI

BUR AT (Sensitivity Check) H & il I X% 45 R ATEE 18 11 v S db A7 VP
B eI ey 32 BNEE 0 BC 7 VRS B A AN E I B AR AR I A5 2R
SR, WUBE RS B N R BUBME 43 BT (Sensitivity Analysis, 5 FE€ 2R R 15 Sk A4 X
LCA #RIFI5m) FUANHE B 43T (Uncertainty Analysis, GREEHE AN & 1 AR
RAHENM . UK A, NIRRT 70 H A0 FE 9 56 A € B 1)
BT 58 B BT AR BOR 45 3R . L S B A AT DA 2256
1.2.7 Ea AEITENESKOIE SR N A

A FEBHVEAN T B 90 AR B KBRS . F A AE dn B VP oo
WK RFR LA BT, FERTG KA BBIAIR KA EEBE . 5 2005 4 LA
K, LCA WHFtIMEE NG, WL 7 — L85 % ik A /K S o 77 T A 7e, (R
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B oy I AL R KR R GE . MR AT T, I — - R B0 52 o AR 7
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Figure 1.3 Methodology Framework
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Table 2.2 Treatment Capacities of the 4136 Operating Municipal Wastewater Treatment Plants in
China (By The End of 2013)
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Figure 2.3 Comparison of Wastewater Secondary Treatment Processes
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F* 2.3 KW HAKRT L (BRAL: mg/L)
Table 2.3 Design Influent and Effluent of WWTP1 (Unit: mg/L)

witiEK BT K
o Ay s 5
# GB
\ GB 18918-2002
FeAEH| I H 3838-2002 IV
—%B .
%
e FHEE  (COD) 520 60 50
TR E (BODs) 240 20 6
BEY (SS) 251 20 5
A (NH3-N, ANt @ 29 8 (15) 1.5 (3)
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Figure 2.4 Process flow chart of Wastewater Treatment Plant before Upgrading and Reconstruction
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Figure 2.5 Process flow chart of Wastewater Treatment Plant after Upgrading and Reconstruction
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Table 2.4 List of New-Built Structures After Upgrading and Reconstruction of Wastewater Treatment Plant
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AT FURK S MK % (Leiden University ) A 5E8H= 9.0 (Centre of Environment
Science) CML J5 ik T EAABFZ TS GRS 1400 ARBFFTH LCA X EL /- #r Birs
FE R B R 2R A AR AE Y SIS € (Abiotic Depletion , ADP elements [kg Sb
eq.])~ AEAEYI A RELE #E (Abiotic Depletion, ADP fossil [MI])- F&4t, ( Acidification
Potential, AP[kg SO2eq.])~ & &7+t (Eutrophication Potential , EP [kg Phosphate
eq.])~ %7K A= &5 7P (Freshwater Aquatic Ecotoxicity Pot. , FAETP inf. [kg DCB eq.])«
ERARRE (Global Warming Potential, GWP 100 years [kg CO2eq.])~ HEBRAEVIETK
P14 ERERE (Global Warming Potential , GWP 100 years, excl biogenic carbon [kg
CO2eq.]D« AZK#FYE (Human Toxicity Potential , HTP inf. [kg DCB eq.])« A
A8 (Marine Aquatic Ecotoxicity Pot. , MAETP inf. [kg DCB eq.]). R%E/JZIHFE

(Ozone Layer Depletion Potential , ODP, steady state [kg R11 eq.]) JabZF REALE
%% fE (Photochem. Ozone Creation Potential , POCP [kg Ethene eq.]). FiiiEZS
3 (Terrestric Ecotoxicity Potential , TETP inf. [kg DCB eq.])-

AHFFARSE 1SO 14044 FIZK, FJEAE LCIA 3174 LCI 45 RM LB LL B 52
M2 (Classification, VH25), DL M IR4E R (Characterisation, #F
TEALD, XA sl PR EE K o [R5 RS AT A B fis B A o — Fh T B 2R
RIS S S 4B hR 45 R 22545 Bt B e b &4 (Normalisation, )H—4), H
TGS W TR TG K 2R T AT MR FEAEE T2, R X 5k % 7 A
sol, PR — A R H 2545 B oy 23k
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[\S)
=2
S
Sl
[

2.8 ERERR T L

ASHIEFE A IRB 7 b R G CHERSORS A S+ RS /KAL) T u& ) (19 LCT
A LCIA 85 R P E AT, P R G R e B 0k Uik, — 8k, FrSH
Ziig. IREIPERIR, IR & B E

29 HIEFREEK

@© AR

B RE R 5IAE — 2 B V5 /KB BAR SR IFRAE GB 8978-1996 T 1998 4
TEAR S, AR AR 1998 4F DL S B s

@ HhPFREIK

AW FTIE ELy B R Fi X

@ FARZER

H T SCHER S 1] vhont AR 0 25 5 5 AR ST ) LCA BF TR = f AN AR ]
o T RAIh sk Z 1) LCA E R RAE S, BET RTINS, Sk sr
AR SRR VKA B G BITHRIZSEREN: (4K
HAKBIEFMY BI5 5 MHREHK . 28 9 ML AR, 25 11 IFE &S GEK
SEFRTT T2 U9 (REE TR S R 4R e ) 1901 (T AR B R Al
FAabR) FEUUMHEK: (EKHAPK TREMME S L5 0 T (EES%— BT
MW ERD) K —HEHEHE . BAMHKTRE. 7 LSRR ZIHER,
W27 (KRBt P 28 3 PSS K. (LRSS R iR %=
Wrea K

AR T HEAN A GaBi (LCA #:45), Anaconda (FJSHiH5 .
AR Hr . MBS B IREL. BEREF 1), Microsoft Office CEUHE 7 #r S it 50D

@ HHRAENE

TARG 1 BME R TEEETBUFHR M, TR% 2 Z2EENIHA TREERI R
Bl T 2 B AT BUE .«

©® HE—Hk

BRI BRI R R B R R R . KR W WP . AT B EE
P & SAARHE F ZEE 8 CO2. CHay N20. LCIA Xf Hoor i 225 R 5
Wi 28 5 9 LCA X b7 B BT 2% F& UM B 2w 2050 9 AR A M) B U TH A% ( Abiotic
Depletion , ADP elements [kg Sb eq.]) FEAEMMLAMELFFE (Abiotic Depletion,
ADP fossil [MJ]). B2tk (Acidification Potential, AP[kg SO2 eq.]). & &7tk
(Eutrophication Potential , EP [kg Phosphate eq.]) ®/KAZF: (Freshwater
Aquatic Ecotoxicity Pot. , FAETP inf. [kg DCB eq.]). ®¥k2FHE (Global Warming
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Potential, GWP 100 years [kg CO2¢q.])~ FEBRADIEAR 1) 4 BRAEHE (Global Warming
Potential , GWP 100 years, excl biogenic carbon [kg CO2 eq.])« AZK# M (Human
Toxicity Potential , HTP inf. [kg DCB eq.]). A SR (Marine Aquatic
Ecotoxicity Pot. , MAETP inf. [kg DCB eq.]). R JZH#E (Ozone Layer Depletion
Potential , ODP, steady state [kg R11 eq.])~ b5 R4 4 & Ag (Photochem. Ozone
Creation Potential , POCP [kg Ethene eq.]) [fithA&F 4 (Terrestric Ecotoxicity
Potential , TETP inf. [kg DCB eq.])-

© HIEHELNE

AL FBEH YR ABUMA RS GRS UAATFRAE TR &

PN EBTRE, AT R E .

@ s

B . BURFA R SCHE CORT A4 2014 44 BT 7K b B ATt 44 B 1)
A CRES 2 EERGHELE 2017) LAKRTIRSE 3 mUATHR S Bk

5= #E: GaBi Education £ %, Ecoinvent {4 /%

® et

bR AE SIS VTR e PR B R M0 I AN 5 M (B3, AT 770 22 NH0.
AEIV 235 K AL BRI H 4 S AN 7 12k

210 fRix

MFTRG 1, AFURBT RS0 1 RET, HOGE I REIR A 5T #E
HEME, ARERMR B NIRRT S . TR 2 Bt izbrfE st it
Jai, o g Y A B > DA U K AR B 2 SO AT SR AR T s, F
WK . TRG 2 R AOKTT. AR AL L RS ) AR AR
s, A SET5 A HEBRE A 2T o

211 MEEZFEMEFENHESR
AR 5T E BT E AN BIRIATEUE, & PE BN TR Rl SRR, B RECR
FHIARE 5. Hb IX ) e 3R FH 3 FAE
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3 JEHRHT

3 BRSO

31515

LCA JE52AHT 7T, BURREUEB 2R, L& K8 HE LRz, ERUH
BRORATIHISCHR . R AR 8 S0 b (0 S230 S IO . RS M okt . AT 4T HE
TR RIS . RSO T RS | IRT SR BT A S A S ANE S, K
H SR AN B I I B 5 AR M TS K A B AT S R R B, AR — S 1
BRI AL, XTI, A8 SR P AR R SR —— U DA R 1% 3001
BOHUR IR T i, et AT R, A S5 BT IR TT A T G

3.2 EINERNE B BB E—UWEH K
3.21 WEHILE T

TR B BE I TE A 2 53 AN B AN HAR S M AL AT N h AR 25 &, HPA—Ff
BT AR U AR R RS R TR il B RA LT A RN
AR, BRBSA AR 0 el el 2 i O e, oK 7V U7k
MFRW R R, At s Hi o id H B ARG ECR , &R A B LAE (Ant
colony optimization , ACO) 481301 Deneubourg 5 A MUSUHE H i i REMD i 8 47 0
AR ACO K J ) 32 28RBS IR . X Lol il 7 iy B85 B R, Plbnid—1
P B A M A, T ERBE IS AR b A RS DR SRR AT BB . OB
PACTI T — A AL I BIL AR SR AR A 17 R

TEWGES L, 2 NAEGE IS (Artificial Ants, AA) AR A in) UL 22 ik
W7, il 5 Bt B G AR B 5 7 A ok T L g T RIS B
245 K1k, CEAALHBEFILEE R . 90 AT, F— 1 ACO HIERR
AL R 4: (Ant System) HEAE148],

JRATHHEE R N (Traveling Salesman Problem) &ifi [l ACO HikiAFTH
SN H o FERRAT BB A N TR b, 255 1 — SR, RN TR R
H BRI GER R, KAV M gyrn—ik. £ EXKARES, H
PR A — Nl ] B3R B — A /MK BE R S 2 A

f£ ACO ™, XA R IE A E NN EUE IS (AA) £ KB L
BBk i), XA B AR S iR AR XA 1) ) B SR AT T b, BIERASTT AR
— AT, AT R RIS (RESRILD RN IR T 2 B — kR, —
FRAMEE 2 (Pheromone) [AFE 585 AAHKEL, AA TRLERIE N E .. ACO
e — PSS ERUGERH, #EEEVFZ NNEE RS AT R —
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ANHSIE AR B B AT ROE R S A RORM AR S, T H AT A
Vil e AT QUi R T R B R R R, DL Rk %
[t U 1R B9 A2 ABE AL DT TR HL A e, R 32 2045 SR I5EmT: = AA
Ko F A TR, RTS8, [RIREREE AT ARG 18] (19755 ri R & PR
PLk$E (WK 31020, BARTE, 2R j USRS g i, enr DUZ IR
TR MR PR, WRPR S AT RAER G, ) ARG B R MIE.

FEIS AL AR, ARG WO 2 MR 1 s B A IR, e B R EREAT B, BUE
E 22 J PIEA A O He Al B 5 A 5 m, - AT AR e 5 2 A S 18 o DG g A AL 0 A o

@ > ()

Bl 3.1 — RIS IAEIR T i A BEALHLAIe R T — Nl i BEAT U5 i an SR T § 2 B e vy
ik, ATRARLS AR FERRLR (4, ) ERIE BRI R T IR
Figure 3.1 An ant in city i chooses the next city to visit via a stochastic mechanism: if j has not been
previously visited, it can be selected with a probability that is proportional to the pheromone

associated with edge (i, j).

322 WEHMHUTBANEZL

Dorigo 25 A3 1540544 ACO 1A J % AL 9 76 8 R 2R BLAR R S RAL 1R . 78/
RIS, W T SGE T 2 AR R R R R Rk e
2, FERRAR B I EEEL, TS TR RO iR B, R R
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fEfEis, AT AR ELER A T4 A AL P, NS 2 R,

— AR BP = (5,0, £) AT ERAR:

> AMEREES, R A B RS RX, = 1, i R L

> AR, SR HR AL

> —AHBEIHSS > RE, KSR/

A RX D, (v}, ., v B, — AT s € SRR FTA QT
AR RE SE LA . —/MifEs™ € SHEROMAARBRAR, % FLILY: £(s7) <
f(s)vs €S

41 AR A IR 58 X ACO SHEMfE B RBA, —MEERESE—4
FTREROAR T RALPEAICIBE AR UL, SR AR R AR R T
Rk EEEM v SRPOTRIAN o X, HIREX, = v] SR, BT ATREN
YT RIEA ] C 5.

Cq2 Cag
1 L_' Cio ’j 2
Cya Cog
Cia Co4
Cao3
3 Caq 4
Cyg Cog
(a) (b)

3.2 1ZH 7S UM TSP i, Hh ooy R4S (a) BIRIAEL (b EIRITH A
GEPS7S
Figure 3.2 Example of possible construction graphs for a four-city TSP where components are

associated with (a) the edges or with (b) the vertices of the graph.

FEWCHESLZ T, N IS0 1 38 [ 76 4 il MG 18 GC (V, ED SR — M,
Hep v 2RSS, ERUSES. XA IEE AT AN C EEHRE: H
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R ERF R . AA VBRI N — A R B B 5 — AT AL B —
AR HeAh, MBS AU —E B IE B R BRI L b g U, A
BAEEATh e 7 s b, BAEelhad i b, EERRPRINEA © /i
WFRIFER TR R, FE0 AA FIRGEEREBEEENSE, MR
Hh 3R AR R X

FETRAT RN R G, — MR R Ll 0 MEERN MG RER, H
Hon TR Kb R N EES M OC . AR RX RN AE VS I 4T
1 RU7 R B — . FE, R TT SR A — SR M 45 T P A S I Vg 1] 1
YO s R TT R A M ey = (1, ) RWIIZMRRTT FERE IR § NAES R I i 2 )
WSZRIVT IR o FEIXME DL, AL R BT 2 DA T 5 s iR SR 2 PR R AT 7o i) R
KIE, 3 BEE& &L 9T 2800 (Bl 3.2 (a)). Kk, iaAE B KR
i FRIE R R AL, M BT DUE IR AR R T RAAA R RN R, IRLE
T FIRCEAE BRI, (HAH L ART—Hpo7 ik AR R ZE (B 3.2 (b)),
Kl 3.2 R WA E SORATAESS A R ) 7o S B, iz BF S A A .

WO RE R 7o B K A EEI T s Mlietkz )G, sofa RATTEER A=
ANBrB: ERRUGEAC, - SO G MR R TT 38 SRR I A A R i
HERR TR (X PR ATIRER), REEHEER. LN RX =AW B E
TEAHE IR «

ORI TG =S

—H m R BRI —NFT R 07 S A BRAE B 0 3R P AL A i
C={c;}i=1...nj=1.,|D. fRRITEIIFEEN—AT 1R HIERTT Rs, =
OFFUE . TEFMEDIER, REBIRT Rs, P 2B NEEN(s,) € CHdn
— AT IR R TT RUAME, BEAN(sy) € CHE SCh— M INES, 46 BT
X LG 20 A AT DA AN N 21 24 1 ) JR BB AR R T S s, T BB AR Q S IR
Ao MG AR RTT ZE AT UEE R EWIERG: = (V, E) EATERIEE.

MN () 3 P D7 AN B BEAIALEI ]S, X P HLEIFEIE B 2R A
KIIN(s,) P EANTCRIMTA 2 . BEHUERAR T ZA4PNEARRT) ACO H
EAANE], IR R ) R BRI T S R AT N AR A 5 2 L. Deneubourg
S NSRS T OEAT AR AL BRI AESS B I 2 m1 B8 756 1 M, m2 fiff
F 75 2 BEM, MHBORERE 1 M EIREEE pl y:

(my + k)
Pt + " + (m, + ROF (3-1)

HASH kM h SRR EHIE, B8, p2=1-pl. FRRIBENLEREY, k
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~20 il h~2 [ & IR LTI,

@ RAARHMEZR

—HE TRTTR, EEHEERET, B2 B0E i 5 ERHE R= 5 2
g7 AT O . XA B, R EA SR R R, R R

® HHEEER

IR R H RS G0 AR e S R B AR R T RAR GRS B RAE, b S
ANFRAR BRI T BA GG B RE. WBEMHESWPER: (D BdERRA
RIS BT S B =, (20 @i ke i) —4 4 N = B R T7 S8 R
BEFEKF
3.2.3 WEMRMHEZX

WAL 248 (Ant System) 25— ACO FLjkl149 150, 1561 g2 i 3 SR 4F S A AF
UGERH, M T AR DT SR m RS A 2 RS B R . ST 1 AT j A
T AEL (AP E RN R HL ) A IE K 26D AH GG &R t1), DL R aT
BT

Tij<—(1—p)-rll‘j+ZAr{‘j (3-2)
k=1
o RS EEIREE, m BB H, Ak 29 k IBBUEEE (1)) |
W15 8 2
!%JM%%H@W%%@%@%@ﬂ, )

k _
ATij—

| 0, 7
QEEILRAHL, L k SUBBRAT BT,
FER AR, WYBUE L BEBURLBE 0 05T 4 k BT
b, FEH B T HA IR % . WA IR | BB

B
(7 "1
Kk _ a« B s jﬂ%cijeN(sp) (3-4)
bij = ZCileN(sID) T "My
0, 2y

HAPN(PYNATERES, EEL G,D F, 12 DRYPEE k i
WSCUT IR AR . 28 AN B RS SRR A S B By, ny 2
— M AT

_1 (3-5)

Forbd, SRR i R 2 B R
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BT BRI EER, R 2 A SRRSO B AR T AL 3
A LA E i, R ACO kAT 2 UGS, It /N KBRS HE, N
JE T LCA BHE T R 48 1 WiE 50 St i s 8ok 3R B0 2 .

3.2.4 WEHMAMEIMETRRSUsAI N B

ACO TEARM YA 46N T HK TR DT . AET5 /KB B 58 77 1
Schluter £ APNGH R (1) ACO H T-xi57K ) it FR A= 6 KA 111, Rao %%
NSRRI 2T ACO WIBIH Ik 771, 454 ACO Flx B4l (Inverse Modelling),
R J S 5 = FIASE IR [i5] 5 PR IR S8 2 () AE W AL () BN ) 7 B HON IR )R 24
GERARIL T B A R e . B BRI AR A DRI T2
Hh TR B 5 B0 0 S A R S AR ORI, DT A DR A W e B A5 28 T
FEMTRIEBE « Verdaguer 25 NSO 1 — ol i) 77 V2K M e oA e il B Tolb R K
BN 7K 22 48 T3k /K B AN/ Bl G A A i H 2R e A B AR T 1 R i I 7 2
] B, A5 — NS A RS 2 AR R A I E K X072 ACO,
% J7 15K AP AS ] ) VR AN [R] ()45 B 2 B AT R AR AT SEI . 45 AR,
RIASE TV R 7K 75 e ik FE A AR R s B0 T, ACO BN 2 AT 47 -

B 75K BT SRS, ACO N H THEKE M RS, KWK Y1
R 7K M . Moeini 55 A0 RIS AL BE B3 Bt i me 77, XTHEZKE AT
TA BT RAE R . T5KE AT BN E R IRA R EXEE A E
BRVE ST R E, X2 LR PR A AR R (Mixed-Integer
Nonlinear Programming, MINLP) [a]8, X} THACE K AXAE R T2 —FrPhik. i
I 7 — M T AE KB (Tree Growing Algorithm , TGA) 75 /K& M ACO
vk, HATFNSCEMEOMEMNER. ZhEET— Mk, EESAR R
[ X 28 BERE I B AR AT R & T I . TGA B3k DA & 1) 77 SN EE A AT & h A & mT AT
HIRREIRAT Ry, TR ) ACO 3% FH T 1 e IRy 3 A1 Jay 78 ol VR S o (2 2 T 20
[f], s K AL HE 22 48 103 I ZK i el 28 S AT A 5 B0 7K AL BR R s A B 2, A
M FEAR 75 KA BRI %, I L™ AR 17 G 308 52 40 /K A /K o o B AR 22
A58 FH R 7K WS Bt A A A S e B — A 2 A I T . AR, i e At
2SI, Hy5 Gel) 5 gns ) FEAF(E R X . Verdaguer 25 A UOVER X5 KA FE F%F 15, 1%
T — M sEE i R A BRER B . ZTERR T ACO, BASRAE— /N REAE )
it HETBCRR 7K B R K e it o HETBOK BRI 25 & 1 R 7K FRAAR AR B FL T e M IR
FERIREE . EYFAEAMLYFRAE. SRR WA R D
HT—ANEEW 5, 2 7 KBRS ey bt 2B E T AR
Yyse. FEGRBATKIE RG ISR . BE ISR (LID) Wi s, 28
RURIA7 B2 LID SR EAl, Hou &5 AUS1E Je R FHBRAE B R G H AR THE ]

48



3 JEHRHT

FIFH K &, W32 LID Bt T o SR 5 T AN [F] Lt R FH 2R AL i w] R R K &
AR E I Wbt ) ERE A LID Wit AL, AR5, MR p- (A A A Bk
AT LID Wit 1) 2 [ e A B o X = E AR5 G Cana i [E 44 5% . CODer
M ED FATRFE A H—A B, DA e ™ Hi5 X8It % LID
WO BEAT F K340 o AR TR BI85 4 OB B0k I PR e 5 a4 Bk gt AT T EEER. B
LA E LID SCERARIEE . SRAVRIAL B AT DA R 4E 5 MOk AR 25 A o038 1 4
LID.

FEAE A & VAR S 7 T, T A Bis i R R S H I R IE 2 —, ACO
[RVRIE 78 RV e SR AT F R B AR Blka T I LR 2. /KIE 77T, Gue S8 NUOSHEXT A4
WRORLBEAT A i B PP A R Rt e, 3 — iSO S 0 A J7 V2 R A v S AN [
U B B AR A, A s A st i FH G AR B0 AT B R 5, PRI i A2
I REVRTH AR A BTS2 m . Bl s oT i, AT, RR IR E &
PRI K. SO IR s B PR B AN B D ORI AR N AR B F s S BCE /D IR E AR R
bR/ IS 7 SN 2 i P Gl brivt 2 s vap i bt = e A T IICIN- RO B2 $ s R <1
AR RIS o SRTHT, 30 5 100 T 3T mh B A28 B I 55 640 0 e It e 36 5 e AR 4 1k
HE LI E o HIBRAfE . BRI, Ng 28 N30 401 LCA 58O
WHEIEME G, SRR PPl 2 A b, I E SO0 B0 LR 0 I 22 3k A1
PRI . BR T AC@ 55 A, ACO I3 H T4 6= b 1A i B HA VAN
AW KEE (ecodesign strategies) AR B LR MR SR W I 71 H ATHE
R SEMS Wik FE A SRR B RGT L A REIRAE ] . BUBUH A 2 T
i, PSR AT R i — 2 A S TR VR AT B i 1 E,  BhidE— P42
A AT BT R ORYERE - LCA 22— Fh A A B E B ITFAN P i AR W 11 7772 . LCA
&5 RAETEMRESE b, AT CAFE BBt I 1 g ARATT B B v ak B - A BT AE A B 5
Wil o SR, ORI Tne] B8 BTt AT TE 7 il DAtk — 25 gl D REA B I 52, Re s $E it
s B AR . Bk, Nel'OHEW 77k, PSRRI ARy, L
FEAR AR A BT 520 . A — AR E LCA SREA T 7 RIS, FRE ik
At bR FH O B R ) A 5 5 i (B B AR 2 PC 41

BTG REALE LCA MW ), AR, NS GHE
P 1] 7 Vit 3 ) A= i o S P B 5 i SR B 8 3 A 7 TR B SRR

33FREG 1 FEN

TR | HHE KRR R A, T 2.5.0 TRTIA,
TRGE 1 0k I TR IR 2 10 46

v i 0 A A BT PR SR 0 BRI T 5 S (g T A
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FARHFES . TR S Wl EAFE. AR 2. RN R
R TAES), DURRHMEIT TAER R EM = SMES) (st M5 aEZm
SV AR R BRVR AN B TE #E
331 ERENBSRBIEFTRES

X2 NGBS, W BN EAIEBUFAH G a2 TAEN
IR LK HBAT WA 5255, ¥ R BTG S FEAE IV R bR dEd ST B H W Th A
FAREE S R ET 2. HEIVEIRMESE A IIE. DL SEHE IV bRk E I 1) 2
R 2255

XTI TAE N L H Aoy, BRIRFE N A I A2 A e A5 s N 1 B
U, BFEEAAERHE Mg, B @R SEARESE) fgRERN
BN . BER. ARIERUKER . DBPATESNITSRBIEE R TS%
CIP AR HEY (JGI67-2006) F1 ¢ I H @ FREFEIR1E) (GBT 51161-2016),
PR g i LB A B S p A N BB L CEHEME: 700 N W@ TR A B Tm il (5
NI ATHFFE 5 m?), BFAEFEWITE N SOkWh/m? = a 5 /KEEFLIR (RS KHE
IKBETTARAE) (GB50015-2019) FRAREFHIKER 50 L/ (A « BE « d); 4RIKIHFES
1131 3K A4 48/ (A = a) U190, A4 4% 4.37g/5K

XTTHEIVRFRHERME T I EOR H & 2 L T 2 (2 N4 20 AU,
S AR YE (I A B H B TE ) (JGI67-2006), /N AR B 25380 % 43 1) A 30m?.
60m* (Ja & ENEEHEAE) THE, S BUREE% 20 IRFI& . X THEIV AR S AL 35 I 2t
(B NEL) 90~120 (g EAENIEERD AUS 1090, BRI EARME (P hFi i
SV HYEY (GBJ 99-86) %A HEHE IR N 234 m?, BiYIIRELS (1 5
FoAd AL B R R AT AT 28 0B B BT RPN, 5 o 11 IR (P HIIROR A T 25 75 5
W RATE BRSO FRHEREAT 2 ABIT, BRRABIT 2875 3 JHERIID, BRIBE— o8
2R, FRIFNEZ 8h e . HIARH &S, LR <. BEAEEINPETRAA
PRI 16000 g FFA 40/ IR 22 (2h/iRe 10 U0, SBTREFE IR 1T S0kWh/m? « a
~0.006kWh/m? *ho XF TIELRMOA 01, 5 B K Gt s 32 2018 449745 353.2
FN, REHAEZ) 5Sh NFHSHEIV AR AEA S TAE (FZNEMIIERD.
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® 30 HHEIHTAEN R BOREES LB 2. #EIVIERHER 2. RML A B fr

JE Ji B O i
Table 3.1 Life Cycle Inventory of policy makers
i3 Yt BH B
i TAE N L HH I REFE 175000 kWh/a
YACTIE PN IKFE 12775  m’/a
TS 3459.73  kg/a
a0 TAEN A B Tp COD 7154 kg/a
YNTEIIETTPN BODs 14563.5  kg/a
SS 10986.5  kg/a
TN 4066 kg/a
TP 306.6  kgla
BORE A LB ke, S ANE:20 A, S UCEREL: th A (60m®), 12 kWh
ES SVIREL: 20 K
IS 320 kg
FEARPHERS I 2 REFE, Z o NHL: 120 A, BRI TRIAR: 234 m?, 20592 kWh
SPRE: 11 % (16h/1K)
IS 176 kg
IR 53R i HEF, 145W 4E+9  kWh

VbR EAH < TAE

PRI S ENENNE, WABSWNES (BRAZREST/E. NI
g, S5 TAE. MOED RUT (IS RERE. TEIE TR 1051220 3 s/t W
TR, ZHESS M T4k A DGz I L, M 2015 ~2020
AP 38 H RIS, FUB R 8 i, H2Ip 54, Wk 3.2~ 3.7

R 3.2 FARWIN Sk A Ze o A i Ji 13 5 o0 A

Table 3.2 Life Cycle Inventory for the permanent conference committee of academic conference.

3] ] B fEr>] A
FEL i 6 FHEABM, 68% TAFEML 112.00 h
FHEHM, 23% TAERER 112.00 h

TR, FFHL/HER A 112.00 h

R4 K} 4, HE 1.05 kg
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e i g2 BN
ENRINLIZAT, 65,2 A EN R 1.05 kg
RIRE T [ERAES 1.05 kg
5 TE FHLRETH FE 198.14 kWh
PRI A 464.63 kWh
AN FH KA KRR 3906.00 1
AR FEVBIR 14.00 kg

3.3 EARWT T S A i A I B

Table 3.3 Life Cycle Inventory for the local conference committee of academic conference

) i g2 AT
FEL i 43 FH FHEEK, 68% TAERR 160.00 h
TN, 23% TR 160.00 h
FHEEM, Frpl/AEaRAE = 160.00 h
ENRIAARL, 6 2w A% 4%, HA 5.63 kg
ERRINLISAT, R, 58 E B 5.63 kg
ERRIA R, 2 qe, HE 2.40 kg
ENRINLZAT, 5R5T, B ANk 2.40 kg
PR FH) B3 4Rk 8.03 kg

O HABETHAE: MUR T AR 2 I XA AT oA, WS AL FE: BIAEE

CisB
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R 3.4 SFARWIT &2 55 TAR R 28 44 A i JL U1 500 B

Table 3.4 Life Cycle Assessment for the secretariat and webside maintenance of academic

conference
G| L] L Y DA
255 TAE R A, FTI%E 145W 832 h
FTERNUE L, FTERHLIZR 28W (FRHLEE D 416 h
P 24 4 R, F DI 145W 500 h

R 3.5 RS &SR 6 B S 50 Hr

Table 3.5 Life Cycle Inventory for the conference materials of academic conference

3] ] BUEt=

ST grak, Jtri 386.39 kg
EVRINLIZAT, %05, % el 38639 kg

W grak, G 3407.29 kg
ERRIALIZAT, 6% (O E R 340729 kg

MORER TR 79.69 kg

R 3.6 FARWHT & E L b I R

Table 3.6 Life Cycle Inventory of conference meeting rooms of academic conference

e 1A {122 AT
FHBEVHFE 25163.75 kWh
AHETHFEY 5816.88 kWh

O IARETHRE: HUR T RBP4 . 2977 HoOvAZ, WS HLHRGHFE: BIAEE

P
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® 3.7 HaB ARG

Table 3.7 Life Cycle Inventory of overnight stay of participants

) Hf 2] LEDA
HAL HE T R 41131.25 kWh/night
PHETHAE 96451.25 kWh/night
IKFE/T5 K AL 3 810843.75 I/night
R FE) 2906.25 kg/night

332 EINERIRBBEBERESH

@  SHL AT

ST INA XA S RIG S, S0 2015 1 (EETS KACFE 5 G HER
PREY (HESRE WA Mgmil Ui, rbl 4L Tk X (S A RURAT ML AL 55 FAE
Fel X . g (X . R X 25D, DL SR mE T 4 56 Bl A 22 48 T b X s
VHKACERT CRdE. Wil fdb. REE. 7°. AR, 2R, RS . SibFER,
TR 15 FIA 5 KA 24T . DRAZ 302 i S B i, ¥ R B0 T Hh
5EIBRAIALIEE, [RIiZER 525 R ACO.

AR IRINT

1) HdEuss, R E T HCT & 3 BUR ST B I T s R AL B A S
(BOE PR oNIE R, AR A K. Bl il B3, Kby 7ML mE.
R, S PEZE. 2200, JRBH. PREANTERE);

2) HAETNALIE, ArcGIS HBEATAANR R AL, VI ERARR 2R [ [ Hh 2R
AR (GCJ-02), HAL/GHFZ AR R : Krasovsky 1940 Albers;

3) THELIRBIFIX 2 [ [ by 2 28 o

4) ACO FEF it K24 m, it Python 3.7 #ATFEF ¥ I, ACO &
i 500 YEARAS HRBT IS Sh B B AR S IR, B & e TR A 38 Bl 72 A O RERE AT
SHE, BEEITE TA/EN RN 20 A
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1e7 Result of Ant Colony Optimisation

Parameter where:

18 - — steps

—
[y ]

distance{m)
I_I
Y

=
Pl

10 1

0 100 200 3on 400 500
iteration
Kl 3.3 WHERERB AN AR (m=2, a=1, B=1, p=0.95)
Figure 3.3 Result of Ant Colony Optimisation (m=2, a =1, B=1, p=0.95)

@ ARSI S AR 2
S “2019 Frp BT KA bR GE KBS D gt s 172
BT = 007 BRI, DRI A SCAR % X sl Pl 1) L ) 2 25 B A A o4 [ 4%
WS4 N ], B AEEE N 1000 A S22 A RSO s npE 3.4072)
FiR. BB RALLEE Z N B, BRI A S B g X L A ) 22 N DI
H K BN BLERAL PR B T E L. AT R, S S o N R 2 HT = A2
bt (916%). LifF (£99.5%). KEE (£ 9%).
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Figure 3.4 The proportion of seminar participants
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* 38 o NHATIEN (iR

Table 3.8 Travel information of participants (Round Trip)

X B KL P& RE .
&5 Wi
(pkm) (pkm) (pkm) (pkm)
50% ¥AHL,50% K
>200km 1651501.90 825750.95  825750.95 .
7 (EE)
50% K 4~,50%7%,
<200km 60302.36 30151.18 30151.18 ‘
(@)

R 3.9 SRS 2 NG A ISl A

Table 3.9 Input Foreground Inventory of transport for survey and conference participants

e i B A LA
FINEBREAE SHLATE, A CRHD 9257 km/i%
ZIMFARB 25, 2l CRHLD 825750.95 pkm/¥%

ZINFARM 2, 288 G K4 825750.95 pkm/7KX

SINFEARP 2, 28 CEdE k) 30151.18 pkm/¥X

AR &, il G5 30151.18 pkm/¥%

® 310 7RG 1 HREIEE PLE
Table 3.10 Background Life Cyle Inventory of Subsystem 1

32 156 1L o R YRR
. GaBi ts Education o o ) )
ENW CN: Electricity grid mix (production mix) ts <Mfg>
Database
Ecoinvent EU-28: Tap water from surface water ts
Ecoinvent EU-28: Heat ts
) paper production, woodfree, coated, at integrated mill
Ecoinvent
<u-so>
Ak Ecoinvent transport, passenger, aircraft, intercontinental
] transport, passenger train, high-speed
Ecoinvent
Ecoinvent transport, passenger train
Ecoinvent transport, passenger car, small size, petrol, EURO 5
RETRTH#E Ecoinvent CN: Petroleum coke at refinery ts
Ecoinvent CN: Natural gas mix ts
Ecoinvent CN: Kerosene / Jet Al at refinery ts
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1 1L ol kU5 kA
Ecoinvent CN: Diesel mix at refinery ts
Ecoinvent CN: Electricity grid mix (production mix) ts <Mfg>
3=E
BAFHRG 2 BERN

2T RGUE P TR T KA B R G0 5 A PR SR ) S BORT A
o OURE A SRS B, R RHERES S (VBT RRBB AL SR be ) 58 DU
Ky (G KHPK TREMPUE S L5 r i T (RGBT EHD 15
—ABEAIUH . HAMHOK TR, & ERERBRZREL, MS% (WA
BOGEARAR) 5B =K.
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341 EEMEISRBIEFTRSHN
B BUAT SR o A B e e CRAREE A ) WYIBUHRE, TR G UK. WA, SRR PP . =AM
R AT SRS BTN o AR 2.5.2 TGRS SE R OS2I AT SR SRR LR 3011,

F 3.1 V5K bR oS R B R SIS S b

Table 3.11 Life Cycle Inventory Analysis of Main Structures in Construction Phase of Wastewater Treatment Plant

RS A
BP0 WUTHE 2UR Bardenpho ZEALIE Tyt ISR ARIARISIRE ) RS REDUEM  RRIE ISRt

it
s 1 2 1 2 1 1 1 1 1
P VR R T C30
. 423021  1404.72 5019.46 2941.55 626.74 530.18 3021.98 3021.22
Kie (ZR&) (D 75.60 163.33 0.01 0.06 30.73 19.11 1231.93 97.95 91.63
WA (O 505.58  179.09 705.36 361.00 59.97 60.69 622.98 396.75 420.34
b (0 14.59 8.92 20.13 18.87 0.77 19.42 12.78 9.79
bSO 250.96  323.57 294.01 252.66 109.14 237191 686.37 301.78
(R A (D 341.50  550.51 32.05 5054.99 446.43 417.63
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342 BEMESEBIRBZRED
B EHIEE B EE X GaBits ZH WEdE % (Education Database) LS #5%>%F Ecoinvent IEdE 4. K H 8 5o 8dE AR
W 3.12 s

3.2 T5/K) febr ks @ v Bol S A IS I
Table 3.12 Background data used in WWTP Construction Phase

L FH 1 ot kU R
Fi AR &k 1 C30 GaBi ts Education Database Concrete C30/37 (Ready-mix concrete)
Ke (56D GaBi ts Education Database Portland cement, at plant
) GaBi ts Education Database Steel rebar
Hakt GaBi ts Education Database Timber pine  (40% H2O content)
HRb /b GaBi ts Education Database Sand 0/2
W R A GaBi ts Education Database Gravel 2/32

343 BITMERISRBIEFRSH

TRG 2 BT B ANRIE SRR — % — R =R ET /I, Kb — e amsit . i, ¥IZutieit. —%
sEACALEE; AP ORE AR T, Tyt RO RETRETE . RS T ENM, TR G CREERTMR D) P AERIBEREA N
IREEACTE . BEAh, EVGKT A KR EEALEE, 5K 3 AL BT R REIR AR B S e AL, B, SRR . B
BV5IK ) AN 2 SR A BSOS ] — R AL B S RIS LIS, U A BEAL SR ol 7 A2 ) REFEPDAEAZ R 2 S it 1) A= P A B . e e v A
BEAT REABAIRE 0L L RE AT SRR Ak BEAL SRV ) 2 BB A AR e S AR (R THSA . L 2.5.2 75
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B AFSE G T ERHRgGE, —HAESHN FeCl: = 24mg/LP¥. HEE= 0.014 kg/dm’®; =25 4B 5y 58 H EE
=3.2kg/kgNO3-N 144 PAC=38.5gPAC/Z [ gTP 74, &S =10mg/LU*4, F+ 4% J5 — AL FE K554 Bardenpho iR = SARHEE 258 CO=
4.429 kg CO2 /kg BOD. CHa4=0.045kg CHs /kg BOD. N20= 0.097 kg N2O /kg TN ['75],

Fk 3.13 {5K) THEGE R IS AT I B\ i S A

Table 3.13 Input Life Cycle Inventory Analysis of Wastewater Treatment Plant after Upgrading and Reconstruction in Operation Phase

L HKH — A EE ZRAE =M /K HRR
COD kg/d 31200
BOD5 kg/d 14400
SS kg/d 15060
N NH3-N kg/d 1740
TN kg/d 2100
TP kg/d 402
FLRE kWh/d 5808 9504 8131

FeCl3 kg/d 1440.003!
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<K 2 HK — AT 7Y OsE =N FEIKHETR
FH i kg/d 853.20( 1344.000144
PAC kg/d 773.85174]
A kg/d 600.0044]
COD kg/d 3000
BOD:s kg/d 360
SS kg/d 300
NH3-N kg/d 90
i e TN kg/d 600
TP kg/d 18
CO, kg/d 2232.09017%)
CH4 kg/d 22.61073]
N0 kg/d 40.720731
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344 BITMIERERBIEFRSH

B RBEE R T 2R GaBits B MR (Education Database) LA A #B73 R Ecoinvent HIE#E 5% . K AT S8 HAKTE
n# 3.14 fiR.
* 314 BATHABOE SRS
Table 3.14 Background Data used in WWTP Operation Phase

ISASER ) i R IR YK KE

FH e GaBi ts Education Database Electricity grid mix  (production mix) Plan
FeCls ecoinvent iron (III) chloride production, without water, in 12% iron solution state Process
i GaBi ts Education Database RNA: Methanol, at plant USLCI <u-so> Process
PAC INCOPAL?7] Polyalunimium chloride production Process
A GaBi ts Education Database Chlorine Process
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4 FZIPEN

41518
AT FU K S MK % (Leiden University ) 5= 910 (Centre of Environment
Science) CML J7 kM T EAC L1 Aea ®> 1400 JEAEM BRI #E (Abiotic
Depletion , ADP elements [kg Sb eq.])« AEAEDMALENEFE (Abiotic Depletion,
ADP fossil [MJ]). ®ft (Acidification Potential, AP[kg SO eq.]). & &7tk
(Eutrophication Potential , EP [kg Phosphate eq.]). #%/KA&FME (Freshwater
Aquatic Ecotoxicity Pot. , FAETP inf. [kg DCB eq.]). 4BRZEHE (Global Warming
Potential, GWP 100 years [kg CO2eq.]) B4 IR 23K AL (Global Warming
Potential , GWP 100 years, excl biogenic carbon [kg CO2 eq.])~ AZK#F ! (Human
Toxicity Potential , HTP inf. [kg DCB eq.]). WA SF Y (Marine Aquatic
Ecotoxicity Pot. , MAETP inf. [kg DCB eq.]). R4 /ZIH#E (Ozone Layer Depletion
Potential , ODP, steady state [kg R11 eq.])~ Hfb 5 R A B G (Photochem. Ozone
Creation Potential , POCP [kg Ethene eq.]) FiiAEZSEi4: (Terrestric Ecotoxicity
Potential , TETP inf. [kg DCB eq.])»
AR SRR 1SO 14044 1ESK, FJETE LCIA #1594 LCI 45 R BL 2L L se
M 25 (Classification, VH38), PLRUFHE MR AFEFRSS R (Characterisation, 4F
TEAD, XA SRR EK o [R5 [ AT 12 B Fis B A o — R AT B
RIS 82 248 05 45 K FH 225 (5 Bt E bR 240 (Normalisation, H—4), H
T GaBi Education - H1 N B A — WS % ok = 1 EEERE , KA SR H 2%
BN 1 EREBREIE (2000 ). ARELRIFEZITEIRES KL L EHN, 7] LA
[F) P10 52 e A ) ) AP 6 e 5 i A B 781,

4.2 F &G 1 £ BRI IEN

TR 110 LCIA ALFEHE bR 5 2 4 10 P 7 7= LE O BRB B  43 7, A2
RS PEED . VERERL 5 2= A A B« ARvEdm bl A 5t H % 5 A A TS E).
DLE AR AT, LB . BEUIFERER AR ML 53 R 56 TR 1 58 % 3 DU A 5 T
HEAT 0T o BT AR 2R I AE S0 L B AR 22 R, TR SR P v A b
I, T B N S A R, SRR — L .

WEHEALSE AP HT T 41, MAETP &3 R S smf E B [, K2 ADP
fossil, HrPRARMA ., LTS IITES JIESh. LA R IR MOl A 7 5
IV 28R A A 6 AR 0 P2 b X L M 2 STk A 2, A o S 28 ) £ 98 A A 43 31
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%159 6.33E+11 kg DCB eq.f1 3.35E+10 MJ, FERZH T MV RE L | FR5E Lt
B KGE. F424% 1 7°E1) ODP, steady state f1 ADP elements AHXF4/)N, /)N
{EL43 BT A AR S R % 5 B 8.82E-09 kg R11 eq.« Zwfil A G2 H & T/E=
W3 2.67E-01 kg Sb eq.. FHIEALZE RN 4.1 15 4.1 s H—HLE5 R R
RS E B, HONTEEN, HERAMSEE R0, WK 4.2
K 4.2,
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Characterisation Results of Subsystem 1

1.33E+06

1.196-05 NG

1.18E+09
3.35E+09
3.34E+09

3.23E+07

seminars,traning and working(indoor activity)

1.40E+07
3.35E+10
1.94E+02

' 1.22E+04

6.32E+02

3.156-08 IS
2.85E+08

policy maker(indoor activity)

1.46E+04

2.43E+04

6.42E+03
2.46E+07

2.67e-01 I
- 2.13E+04
2.01E+03
5.34E+08

3.48E+06
6.22E+06
6.22E+06
5.71E+04
2.75E+03
2.02E+04
7.48E+07

8.90e-09 NN

survey and academic conference(outdoor activity)

2.686-01

' 1.86E+04
8.90E+02

8.82-00 IS

4.27E+08
7.84E+05
2.32E+06
2.55E+06
3.14E+04
7.56E+02

9.41E+03

2.31E+07

academic conference(indoor activity)

5.25-01 |

1.00E-09 1.00E-O05 1.00E-01 1.00E+03 1.00E+07 1.00E+11

B TETP inf. [kg DCB eq.] B POCP [kg Ethene eq.]

B ODP, steady state [kg R11eq.]
B HTP inf. [kg DCB eq.]

B GWP 100 years [kg CO2 eq.]
M EP[kg Phosphate eq.]

B ADP fossil [M]]

B MAETP inf. [kg DCB eq.]
B GWP 100 years, excl biogenic carbon [kg CO2 eq.]
m FAETP inf.[kg DCB eq.]
AP[kg SO2 eq.]
B ADP elements [kg Sheq.]

Kl 41 7RG 1 RHEES R

Figure 4.1 Characterisation Results of Subsystem 1
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Table 4.1 Characterisation Results of Subsystem 1

seminars,traning

academic survey and academic policy
and
conference(ind  conference(outdoor  maker(indo
working(indoor
oor activity) activity) or activity)
activity)
ADP elements [kg Sb
5.25E-01 2.68E-01 2.67E-01 1.94E+02
eq.]
ADP fossil [MJ] 2.31E+07 7.48E+07 2.46E+07 3.35E+10
AP[kg SO» eq.] 9.41E+03 2.02E+04 6.42E+03 1.40E+07
EP[kg Phosphate eq.] 7.56E+02 2.75E+03 2.43E+04 1.02E+06
FAETP inf.[kg DCB
3.14E+04 5.71E+04 1.46E+04 3.23E+07
eq.]
GWP 100 years [kg
2.55E+06 6.22E+06 2.14E+06 3.34E+09
CO2 eq.]
GWP 100 years, excl
biogenic carbon [kg 2.32E+06 6.22E+06 2.07E+06 3.35E+09
COzeq.]
HTP inf. [kg DCB
7.84E+05 3.48E+06 5.66E+05 1.18E+09
eq.]
MAETP inf. [kg
4.27E+08 5.34E+08 2.85E+08 6.33E+11
DCB eq.]
ODP, steady state [kg
8.82E-09 8.90E-09 3.15E-08 1.19E-05
R11 eq.]
POCP [kg Ethene
8.90E+02 2.01E+03 6.32E+02 1.33E+06
eq.]
TETP inf. [kg DCB
1.86E+04 2.13E+04 1.22E+04 2.76E+07

eq.]
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Normalisation Results of Subsystem 1

1.72E-04
2.34E-04

3.24E-13
2.21E-02
3.23E-03
seminars,traning and working(indoor activity) 7.37E-04
9.30E-05

4.24E-05
3.57E-04

3.44E-06

7.59E-08
1.12E-07
8.60E-16
9.93E-06
1.56E-06

policy maker(indoor activity) 4.73E-07
4.21E-08

1.02E-06

1.64E-07

4.53E-07
4.73E-09

1.33E-07
3.56E-07
2.43E-16
1.86E-05
9.58E-06
survey and academic conference(outdoor activity) 1.37E-06
1.65E-07
1.15E-07
5.15E-07

1.38E-06
4.75E-09

1.16E-07
1.57E-07
2.41E-16
1.49E-05
2.16E-06
academic conference(indoor activity) 5.62E-07
9.03E-08

3.16E-08

2.40E-07

4.25E-07
9.31E-09

1.00E-16 1.00E-12 1.00E-08 1.00E-04 1.00E+00

B TETP inf. m POCP m ODP, steady state B MAETP inf.
HHTP inf. B GWP 100 years B FAETP inf. WEP
AP m ADP fossil B ADP elements

42 TR 1 H— g 3R

Figure 4.2 Normalisation Results of Subsystem 1
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R A2 F ARG 1 H—L4E R

Table 4.2 Normalisation Results of Subsystem 1

survey and seminars,traning
academic policy
academic and
conference(indoor maker(indoor
conference(outdoor working(indoor
activity) activity)
activity) activity)
ADP elements 9.31E-09 4.75E-09 4.73E-09 3.44E-06
ADP fossil 4.25E-07 1.38E-06 4.53E-07 6.17E-04
AP 2.40E-07 5.15E-07 1.64E-07 3.57E-04
EP 3.16E-08 1.15E-07 1.02E-06 4.24E-05
FAETP inf. 9.03E-08 1.65E-07 4.21E-08 9.30E-05
GWP 100 years 5.62E-07 1.37E-06 4.73E-07 7.37E-04
HTP inf. 2.16E-06 9.58E-06 1.56E-06 3.23E-03
MAETP inf. 1.49E-05 1.86E-05 9.93E-06 2.21E-02
ODP, steady state 2.41E-16 2.43E-16 8.60E-16 3.24E-13
POCP 1.57E-07 3.56E-07 1.12E-07 2.34E-04
TETP inf. 1.16E-07 1.33E-07 7.59E-08 1.72E-04

4.3 B4t 2 & ap B EASZ TR N

F RS2 1 LCIA B AE X5 7K 3 T HEIV IR AT $ br oo (1) 2 W Az A7 B B i
I3HT .

Xof EE B B B TR B JE s AT i B PR BRI AT A, 3B AT B B R PR A7 e
TR T E, X5 Sheikh M. Rahman 5 A\ B85 21 1 BUARML, 8B B A4
B35 21] 20 42 1A o A B 5L 2 f5 A5 2R E AR THe T B/ IMR 2 . 1IB1TI B
EERTRRIEGEE RN, 214 3.01E+03 kg COz2eq.. HH T X Bt ODP, steady state
FIEATH Bt EP iVl RN 75 RaE ), Bl 70 8-5.86E-11 kg R11 eq.
L J%-2.24E-02 kg Phosphate eq., HICIETERTEAAAR SR, L FR S G S2 ik
thet Rk 4.3 AT 007 .

70



4 M

Characterisation Results of S2

3.78E-03
5.42E-03
2.16E-14

I 1.09E+02
2.68E-01 W

& .01E+03

3.70E-03 I

S 6.19E-02
[ 9.20E+00
7.08E-06 NN

8.20E-06

Il 2.71E+00

1.41 '
Q I .
© 2 44E-01
2.56E-08 —

1.00E-14 1.00E-12 1.00E-10 1.00E-08 1.00E-O6 1.00E-04 1.00E-02 1.00E+00 1.00E+02 1.00E+04

BTETP inf. [kg DCB eq.] B POCP[kg Ethene eq.]

B ODP, steady state[kg R11 eq.] B MAETP inf. [kg DCB eq.]

B HTP inf. [kg DCB eq.] B GWP 100 years, excl biogenic carbon [kg CO2 eq.]
B GWP 100 years [kg CO2 eq.] B FAETP inf.[kg DCB eq.]

M EP[kg Phosphate eq.] AP [kg SO2 eq.]

m ADP fossil [M]] B ADP elements [kg Sb eq.]

K 43 7 R4 2 FHEfgs R

Figure 4.3 Characterisation Results of Subsystem 1
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= 43 T RG 2 FHEfbS,

Table 4.3 Characterisation Results of Subsystem 1

construction operation

ADP elements [kg Sb eq.] 2.56E-08 7.08E-06
ADP fossil [MJ] 2.44E-01 9.20E+00

AP [kg SO; eq.] 1.02E-04 6.19E-02
EP[kg Phosphate eq.] 8.87E-06 -2.24E-02
FAETP inf.[kg DCB eq.] 1.41E-04 3.70E-03
GWP 100 years [kg CO; eq.] 3.48E-02 3.01E+03
GWP 100 years, excl biogenic carbon [kg CO; eq.] 3.52E-02 3.01E+03
HTP inf. [kg DCB eq.] 7.96E-02 2.68E-01
MAETP inf. [kg DCB eq.] 2.71E+00 1.09E+02
ODP, steady state[kg R11 eq.] -5.86E-11 2.16E-14
POCP[kg Ethene eq.] 8.20E-06 5.42E-03
TETP inf. [kg DCB eq.] 8.00E-05 3.78E-03

H— G AT A, X T @B B, HTP inf & EBEFIMEEE WAL X TiE
T BL RS HOE S A BRI S, B TK) A R A B
RS FNIEIF
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Normalisation Results of 52

2.36E-14
9.57E-13

5.89E-22
3.81E-12
7.38E-13

operation 6.63E-10
1.07E-14
1.58E-12
1.69E-13
Lt 1 e —
1.45E-15
-1.60E-18
9.46E-14
2.19E-13
construction 7.66E-15
4.06E-16
3.71E-16
2.60E-15
4.50E-15
st 1
A a0 ab Al Ak AL A0 g o ok o) ®
\-'00?’ &_QQ?’ \'_QQ’(" ,&_QQ(" \'_QQ?’ ,&_QQQ’ \'_QQQ’ \,.002 \,90?’ ‘\-‘00& \-‘QQ(C '&'QQQ:(
B TETP inf. B POCP B ODP, steady state ® MAETP inf.
B HTP inf. B GWP 100 years MBFAETP inf. mEP
AP W ADP fossil B ADP elements
Kl 4.4 7 R% 2 H—{b4
Figure 4.4 Charaterisation Results of S2
K 44 T R% 2 H—1bsh
Table 4.4 Charaterisation Results of S2
construction operation
ADP elements 4.54E-16 1.26E-13
ADP fossil 4.50E-15 1.69E-13
AP 2.60E-15 1.58E-12
EP 3.71E-16 -9.34E-13
FAETP inf. 4.06E-16 1.07E-14
GWP 100 years 7.66E-15 6.63E-10
HTP inf. 2.19E-13 7.38E-13
MAETP inf. 9.46E-14 3.81E-12
ODP, steady state -1.60E-18 5.89E-22
POCP 1.45E-15 9.57E-13
TETP inf. 4.99E-16 2.36E-14
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SRS AL, FREIRESKAEERE J12)08 20248 ALK/ H, B4
A 50% HALBERE /9 B BTG K RARYE 7 RS0 1 HEIV EFRHER] E HEAT A BEE
B IR bR TR G, TS A A B 20 AE N S ALK BN 7.39E+11 mP I, BT
R FIIA T R R, RILATT T RS0 2 IR A 2 05 4.3 g
AL FU B2 . THE S SRS B AR RATERIFROR, BT T RS2 EP Al
ODP, steady state A H{H, Ktk R AERFAEAL AN — b 45 R AK 3K 4.5 F1K 4.6 HHKRTL

RS AT, FE R G an BN, THRES0E SOas AT HEIV 285K 3R
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Gt i IR0 AT () S & AR, 5 4.2 71 4.3 TR RERL, Sl
MAETP 1 GWP. VH—AL45 a4, GWP & RS ki mE A5, H—1k
HZN 4.9E+02.
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Characterisation Results of S1 and S2
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8.28E+13
2.57E+11

Subsystem 2

2.84E+09

4.59E+10

6.98E+12
5.25E+06

2.76E+07
1.33E+06

6.34E+11
1.18E+09
L bojasih 2 3.36E+09
3.36E+09
3.24E+07
1.04E+06
1.40E+07
— 3.36E+10
1.95E+02
«,90&06 K Og,o”ﬁ «,90%0& «,9090\/ nggo’ﬁ «,90908 @090" @0909 xgo"& @0&& ,\’90?‘,&6
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Figure 4.5 Characterisation Results of S1 and S2
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# 4.5S1 M S2 HHEAk 4 B
Table 4.5 Characterisation Results of S1 and S2

Subsystem 1 Subsystem 2
ADP elements [kg Sb eq.] 1.95E+02 5.25E+06
ADP fossil [MJ] 3.36E+10 6.98E+12
AP [kg SOz eq.] 1.40E+07 4.59E+10
EP[kg Phosphate eq.] 1.04E+06 -1.65E+10
FAETP inf.[kg DCB eq.] 3.24E+07 2.84E+09
GWP 100 years [kg CO; eq.] 3.36E+09 2.22E+15
GWP 100 years, excl biogenic carbon [kg CO, eq.] 3.36E+09 2.22E+15
HTP inf. [kg DCB eq.] 1.18E+09 2.57E+11
MAETP inf. [kg DCB eq.] 6.34E+11 8.28E+13
ODP, steady state[kg R11 eq.] 1.19E-05 -4.33E+01
POCP[kg Ethene eq.] 1.33E+06 4.01E+09

TETP inf. [kg DCB eq.] 2.76E+07 2.85E+09
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Normalisation Results of S1 and S2
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Figure 4.6 Normalisation Results of S1 and S2
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# 4.6S1 F1S2 H—fb&s 3
Table 4.6 Normalisation Results of S1 and S2

Subsystem 1 Subsystem 2
ADP elements 3.46E-06 9.31E-02
ADP fossil 6.19E-04 1.29E-01
AP 3.57E-04 1.17E+00
EP 4.36E-05 -6.90E-01
FAETP inf. 9.33E-05 8.18E-03
GWP 100 years 7.39E-04 4.90E+02
HTP inf. 3.25E-03 7.07E-01
MAETP inf. 2.21E-02 2.89E+00
ODP, steady state 3.25E-13 -1.18E-06
POCP 2.35E-04 7.08E-01

TETP inf. 1.72E-04 1.78E-02
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A 245 3 W TV 28 b 25 A BB 7R R G AT R R B . R R 5
(Sensitivity Check) {1 F ) S iod % 4% SR 25 ¥ 0 T S AT DA B0 52 A T4 £
SRR NI SR T A B S AR I R L R A
5 AL FE U 5 BT ( Sensitivity Analysis, 2 BB B UE2& 1% LCA BETR 54
FINH & 4297 (Uncertainty Analysis, L 3E50R AN 5 M AR R T 2 ) . 56T
M, AHEWANEELET RS | OAHEN, HEABT IR B2 A%, U
RISy SR T e M NGl itz 0l A B

5.2 NAEM S
521 HBITHARAHEM (UD)

S&E AT 7, BIASHE TR Hh B8 1] B8 S SO B f A AR (g 105 1220,
Ah, TRIEUR R R EAERE SR O N MR AT 7 3, #E 2018 AR E Ok AL
LR “ AR, T fE, B 2020 4, HERS KA SR 2-8 /N
K, 5K 1-4 N PRERCR, AT 0.5-2 /N (R RE@E BT, (#
R AT 5 2B R T 15 29 AT TR] AR

PRI A HR R AR AT 7 CRBL KA 3545 W0 S B £ 4 1)
Ak, HARR N IR B m AR @ K AR A AT T Ui R N S A . AT
SIS R, BRI LS SRR

#* 5.1 AT T AT E MG S
Table 5.1 Uncertainty Analysis of Travel Mode

=E
H

ik It

B=38

TR% 1 TH% 2

>200km: 50% KHL 50%

ot

mEk. Bh%; <200km: Ul1-B-subl U1-B-sub2
50%E3H K4 50%1 4
>200km: 50% &AL, 50%

1 @, 3% <200km: U1-0.5P0.5HS-0.5HS0.5C-subl U1-0.5P0.5HS-0.5HS0.5C-sub2
50% ek B4, 50%i%
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TA% 1

i

THG 2

%
>200km: 100% KHl; <
2 200km: 50%=%k . 374,
50%754-
>200km: 80% &AL, 20%
Mk, 3% <200km:

. 50%m 8k Bh4E, 50%I%
%

>200km: 80% &AL, 20%

. mEk. 314 <200km:

80% ik Bh7E, 20%iK
%

>200km: 100% KHl; <

5 200km: 80%= 8k %,
20%75%-

>200km: 100%m%8k; <

6 200km: 80%= 8k %,
20%75%-

>200km: 100%s%8k; <

7 200km: 50%= 8k Sh%E,
50%755-

UI-1POHS-0.5HS0.5C-subl

U1-0.8P0.2HS-0.5HS0.5C-sub1

U1-0.8P0.2HS-0.8HS0.2C-sub1

U1-1POHS-0.8HS0.2C-sub1

U1-0P1HS-0.8HS0.2C-sub1

U1-0P1HS-0.5HS0.5C-sub1

UI-1POHS-0.5HS0.5C-sub2

U1-0.8P0.2HS-0.5HS0.5C-sub2

U1-0.8P0.2HS-0.8HS0.2C-sub2

UI-1POHS-0.8HS0.2C-sub2

U1-0P1HS-0.8HS0.2C-sub2

UI-0P1HS-0.5HS0.5C-sub2

5.2.2

S NBAHEN (U2)

H2HNZ D2 MBI AT, BIUEAS 25 REAN R 2 SO i 2E 1)
RIS ST o REI, AT 0 23 BB e A= i R ST A AT 2 LI IR 2 — R Y
W5 2B HEEEAE, ARSWHARMEESNEN. &= ER, Al

LGS ST o
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Table 5.2 Uncertainty Analysis of Number of Participants

1 5t ik G
TR 1 TR 2
FEUE 1000 A U2-B-subl U2-B-sub2
b 600 A[180] U2-L-subl U2-L-sub2
H 800 A2 U2-M1-subl U2-M1-sub2
EA 1800 Al U2-H-subl U2-H-sub2

5.2.3 JEIVESKAE ARLERREM (U3)

YT — L 5 FRUERT UK FE AR O B T GB 18918-2002 1A H 24 T UEIV ZRK i
HOEIF AR5 K T PAR0E TAE, SR Rk Fi X e i A7 — 5 i 4 i U
Wl [FRE, ASCAEFHIUER LCIA i 2B A H B RE 718 10124 J33L 77K/
H Y& 075K 5T HEIV AR AT S bn A s, MBS AE AT E 1, DALk
AN HE— T UM S ER E RS g sl . BRI &S S mE .

* 5.3 HEIVIETGIKALBE ) TH 2% o AN 52 11 5% 0 i
Table 5.3 Uncertainty Analysis of Upgrading and Reconstruction of Wastewater Treatment Plants in

Compliance with Category IV equivalent Standard

1 5t Eii1pay i
o7 H ALBRRE 77 1 A T R4 1 T RE 2
FiE 50% U3-B-subl U3-B-sub2
/b 5% U3-L-subl U3-L-sub2
B 20% U3-M1-subl U3-M1-sub2
W2 35% U3-M2-subl U3-M2-sub2

524 AHWEMINER

T R 1 2 BT 8 SRS P 04 FRI G 7 R 2R A0 AR 30 7 S (R 156 S X e o S )
SRR FREIAIRT KN o T AN M 5 T 0 T BB 7 B L AR AE R I 22 5
HE AR, AT RS H, BHAT R E—EEE (EEHN,
FERHE— AT A (scaling), S HAAE . FROTENT .

O MR (2018 fRIR 2 IR THEAE) AT, TSRS KA FERE JI 200 20248 JiSLT7K/H
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r_ x;c — min(x;c) (5-1)
max(x;c) — min(x;c)
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Table 5.4 Statistics of Subsystem 1 Uncertainty Analysis Characterisation Result

max min mean
ADP elements [kg Sb eq.] 1.9546E+02 1.9483E+02 1.9504E+02
ADP fossil [MJ] 3.3617E+10 3.3569E+10 3.3595E+10
AP [kg SO; eq.] 1.4012E+07 1.4000E+07 1.4004E+07
EP[kg Phosphate eq.] 1.0450E+06 1.0425E+06 1.0439E+06
FAETP inf.[kg DCB eq.] 3.2417E+07 3.2379E+07 3.2393E+07
GWP 100 years [kg CO; eq.] 3.3575E+09 3.3542E+09 3.3555E+09

GWP 100 years, excl biogenic carbon

kg COz eq.] 3.3590E+09 3.3559E+09 3.3572E+09
HTP inf. [kg DCB eq.] 1.1817E+09 1.1782E+09 1.1801E+09
MAETP inf. [kg DCB eq.] 6.3459E+11 6.3383E+11 6.3419E+11
ODP, steady state[kg R11 eq.] 1.1910E-05 1.1894E-05 1.1902E-05
POCP[kg Ethene eq.] 1.3298E+06 1.3287E+06 1.3291E+06
TETP inf. [kg DCB eq.] 2.7626E+07 2.7589E+07 2.7606E+07

® 55 TARG I ABEE ST —LE Ryttt &

Table 5.5 Statistics of Subsystem 1 Uncertainty Analysis Normalisation Result

max min mean
ADP elements 3.4652E-06 3.4541E-06 3.4579E-06
ADP fossil 6.1925E-04 6.1837E-04 6.1886E-04
AP 3.5762E-04 3.5733E-04 3.5743E-04
EP 4.3652E-05 4.3549E-05 4.3605E-05
FAETP inf. 9.3404E-05 9.3296E-05 9.3335E-05
GWP 100 years 7.3991E-04 7.3919E-04 7.3949E-04
HTP inf. 3.2520E-03 3.2423E-03 3.2476E-03
MAETP inf. 2.2129E-02 2.2103E-02 2.2115E-02
ODP, steady state 3.2530E-13 3.2486E-13 3.2507E-13
POCP 2.3488E-04 2.3469E-04 2.3476E-04
TETP inf. 1.7235E-04 1.7212E-04 1.7222E-04
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Table 5.6 Statistics of Subsystem 2 Uncertainty Analysis Characterisation Result

max min mean
ADP elements [kg Sb eq.] 5.2534E+06  5.2534E+05  4.6624E+06
ADP fossil [MJ] 6.9792E+12  6.9792E+11  6.1941E+12
AP [kg SOz eq.] 4.5852E+10  4.5852E+09  4.0694E+10
EP[kg Phosphate eq.] -1.6524E+09  -1.6524E+10 -1.4665E+10
FAETP inf.[kg DCB eq.] 2.8378E+09  2.8378E+08  2.5185E+09
GWP 100 years [kg CO; eq.] 2.2250E+15  2.2250E+14  1.9747E+15
GWP 100 years, excl biogenic carbon [kg CO2 eq.]  2.2250E+15  2.2250E+14  1.9747E+15
HTP inf. [kg DCB eq.] 2.5707E+11  2.5707E+10  2.2815E+11
MAETP inf. [kg DCB eq.] 8.2793E+13  8.2793E+12  7.3479E+13
ODP, steady state[kg R11 eq.] -4.3312E+00 -4.3312E+01  -3.8439E+01
POCP[kg Ethene eq.] 4.0107E+09  4.0107E+08  3.5595E+09
TETP inf. [kg DCB eq.] 2.8491E+09  2.8491E+08  2.5285E+09

R 57 TR 2AWEE ARG &

Table 5.7 Statistics of Subsystem 2 Uncertainty Analysis Normalisation Result

max min mean
ADP elements 9.3136E-02 9.3136E-03 8.2658E-02
ADP fossil 1.2856E-01 1.2856E-02 1.1410E-01
AP 1.1703E+00 1.1703E-01 1.0386E+00
EP -6.9024E-02 -6.9024E-01 -6.1259E-01
FAETP inf. 8.1766E-03 8.1766E-04 7.2568E-03
GWP 100 years 4.9034E+02 4.9034E+01 4.3518E+02
HTP inf. 7.0745E-01 7.0745E-02 6.2786E-01
MAETP inf. 2.8871E+00 2.8871E-01 2.5623E+00
ODP, steady state -1.1830E-07 -1.1830E-06 -1.0499E-06
POCP 7.0842E-01 7.0842E-02 6.2872E-01
TETP inf. 1.7774E-02 1.7774E-03 1.5774E-02
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Table 5.8 Statistics of Subsystem 1 and Subsystem 2 Uncertainty Analysis Characterisation Result

max min mean
ADP elements [kg Sb eq.] 5.2534E+06 1.9483E+02  2.3313E+06
ADP fossil [MJ] 6.9792E+12 3.3569E+10  3.1138E+12
AP [kg SOz eq.] 4.5852E+10  1.4000E+07  2.0354E+10
EP[kg Phosphate eq.] 1.0450E+06 -1.6524E+10 -7.3319E-+09
FAETP inf.[kg DCB eq.] 2.8378E+09  3.2379E+07  1.2755E+09
GWP 100 years [kg CO; eq.] 2.2250E+15 3.3542E+09  9.8734E+14
GWP 100 years, excl biogenic carbon [kg CO2 eq.] 2.2250E+15 3.3559E+09  9.8734E+14
HTP inf. [kg DCB eq.] 2.5707E+11  1.1782E+09  1.1467E+11
MAETP inf. [kg DCB eq.] 8.2793E+13  6.3383E+11  3.7056E+13
ODP, steady state[kg R11 eq.] 1.1910E-05 -4.3312E+01 -1.9220E+01
POCP[kg Ethene eq.] 4.0107E+09  1.3287E+06  1.7804E+09
TETP inf. [kg DCB eq.] 2.8491E+09 2.7589E+07  1.2781E+09

R 59 TRG1MTRG 2 AEMNELGEAHTIA— L REtiHE

Table 5.9 Statistics of Subsystem 1 and Subsystem 2 Uncertainty Analysis Normalisation Result

max min ave
ADP elements 9.3136E-02 3.4541E-06 4.1331E-02
ADP fossil 1.2856E-01 6.1837E-04 5.7360E-02
AP 1.1703E+00 3.5733E-04 5.1949E-01
EP 4.3652E-05 -6.9024E-01 -3.0627E-01
FAETP inf. 8.1766E-03 9.3296E-05 3.6750E-03
GWP 100 years 4.9034E+02 7.3919E-04 2.1759E+02
HTP inf. 7.0745E-01 3.2423E-03 3.1555E-01
MAETP inf. 2.8871E+00 2.2103E-02 1.2922E+00
ODP, steady state 3.2530E-13 -1.1830E-06 -5.2494E-07
POCP 7.0842E-01 2.3469E-04 3.1448E-01
TETP inf. 1.7774E-02 1.7212E-04 7.9733E-03

85



0 N2 T e AT

:O"
% %,

% D,
o Ny

- 0.333346 0.329574 0.569689 0.473639 0.465652 0.561699

Impact Category

Uncertainty Analysis of Subsystem 1

0.333330 0.332345 0.300999 0.313537 0.310331 0.297794 0.360495 0.363696 0.333330 Mol Lllloly ¢ -iac0oe BNMeLlell 0.333330 0.333330 0.333330 0.333330

0.514610 0.510373 0.514610 0.323103 0.418856 POCLILFGM 0514610 0.514610 0.514610 0.514610
0333345 0.322939 0.302440 0.310618 0.320642 0.312434 0.353477 0.343470 0.333345 OO 0333345 0.333345 0.333345  0.333345
0508808 0.498249 0508808 0.386597 0.447703 | 0753211 0508808 0.508808 0.508808 0.508808

0.081476 | 0.089463 [MJEEEEL( 0333346 0.333346 0.333346 0.333346
0.377737 0372989 | 0.720304 0.581373 0.555691 | 0.694613 0377737 |EEIEEY 0222175 XIIIIRY 0377737 0377737 0.377737  0.377737
0.498465  0.497969 0.498465 0.409583 0.454024 | 0.676228 0.498465 0.498465 0.498465 0.498465
. 0.495991  0.494856 o.oooooo 0.197965 £ 0.208255 IEEELEIY 0.495991 [0:271355 o0.383673 [EEYEEERM] 0495991 0.495991 0.495991 0.495991
< 0495435 0494648 _ 0.495435 | 0.279262 0.387348 [EESEGGM 0495435 0.495435 0.495435 0.495435
¥J

0.333351 0.326014 0.387368 0.362858 0.364453 0.388978 DREEXELNEN 0.000000 | 0.166676 oeoleolel 0.333351 0.333351 0.333351 0.333351
- 0.495566 0.494737 [eKeleloleololuano Aol ok i7) _ 0.010592 1 0000 .989429 K 495566 0.294207 0.394865 BUEEEPEEE 0495566 0.495566 0.495566  0.495566
o'; o’" 5K N 0“" ® o 0“’ cl 'o" ©
"/ﬁ’o‘) ,,G"e (’o b}ca“’ b 'L 1 ‘701;’ q{%‘;‘) \51:\’4"0 &;,_,o 'VQ:«;“' dﬁ,fo" &‘Vh" L ,.L,'a‘)
N ‘}\r? & ?}‘,e:“ & q;g,‘-‘ %‘\c}’ e > & v © N &
& -af’ol «-"D e-"b ef’p' (\"'“. (\"'“.
5 &£ v v Cl > >
L ~ L 2 S B
o2 K IS o R K K
N4 Nd &
Scenario

K 5.1 7 &5 1 ABENE D Bras R

Figure 5.1 Uncertainty Analysis Results of Subsystem 1
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